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The seed was planted only 12 years ago but the idea grew 
and grew. Now Aeroquip products serve dozens of major 
industries with a multitude of applications. ‘ 


Originally, Aeroquip produced Flexible Hose Lines and Self- 
Sealing Couplings for military aircraft only. Successive 
developments, which actually set the pace for military 
standards, led to Aeroquip's present position of dominance 
in the fields of commercial as well as military aircraft. 


AEROQUIP CORPO 
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HING OUT! | 


The development of allied industrial products presented vas!| 
new opportunities. The ‘‘Aeroquip Idea’’—bulk hose that can| 
be cut to length and detachable, reusable fittings which can 
be easily assembled by hand—flourished among manufac-| 
turers and users of all types of industrial equipment. Even 
the farmer is counted among Aeroquip’s customers. 


Today, Aeroquip produces and sells more hose lines for in-| 
dustrial and aircraft applications than any other manufacturer. 
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Cover—An F-89D Scorpion, built by Northrop es 
Aircraft, Inc., shows its ‘grand slam’’ sting as it 
salvos clusters of 2.75-in. FFAR air-to-air 
armament tests over the southern California des- 
ert. This all-weather fighter is equipped with Vol. 11 OCTOBER, 1952 No. 10 
electronic aiming and automatic triggering de- 

vices that permit the pilot to direct his fire with 

‘‘pin-point accuracy.”’ The rockets replace the 

six 20-mm. cannon carried by earlier F-89 

models. The ‘'D"’ is powered with twin Allison 


J-35 jet engines. 2, 
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technical bulletin 
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Greater output per pound is the constant objective 
of the aircraft designer. EEMCO serves this goal 
by turning out new electric motors with increased 
power, decreased weight and all the required oper- 
ating characteristics. This tough new lightweight 
for driving a compressor was built to the latest 
Army and Navy specifications. Operating on 27 
volts D.C., it provides 3 horsepower under con- 
tinuous duty at sea level, 24 h.p. at 50,000 feet 
with duty cycle of % hour on—¥ hour off. It 
weighs only 1314 pounds with integral gear box of 
234 to 1 reduction. 

Doubled plant capacity and new facilities enable 
EEMCO to keep pace with the growing need for 
these specialized designs. Today EEMCO motors 
and actuators are found on virtually all U. S. 
Aircraft. 


ELECTRICAL ENGINEERING 
& MANUFACTURING CORP. 


4612 West Jefferson Boulevard 
Los Angeles 16, California 
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News 
of Jutorost to Institute Members 


Air-Line Official to Deliver 
] 1952 Wright Brothers Lecture 


William Littlewood, American Air- 
lines’ Vice-President—Engineering, 
Selected as Wright Brothers Lecturer 


HE SIXTEENTH PRESENTATION of the Wright Brothers Lecture will be 
given this coming December 17 by William Littlewood, Vice-President— 
Engineering of American Airlines, Inc. 


ninth anniversary of man’s first free, 
controlled, and sustained flight of a 
power-driven, heavier-than-air machine 
by Orville and Wilbur Wright, will take 
place in the U.S. Chamber of Commerce 
Building Auditorium in Washington, 
D.C. All I.A.S. members and _ their 
guests are cordially invited to attend. 

Mr. Littlewood’s subject on this 
occasion will be ‘Technical Trends in 
Air Transportation.” In this lecture, 
he proposes to discuss some of the cur- 
rent engineering problems of air trans- 
portation and their present state of 
solution—satisfactory or otherwise. He 
also proposes a forecast of indicated 
trends with respect to types, sizes, per- 
formances, economics, and other basic 
equipment and operation factors deemed 
to affect the growth and prosperity of 
air transportation. 

Mr. Littlewood is a product of the 
Empire State. He was born in New 
York City on October 21, 1898. He 
attended Long Island grammar and 
high schools and Heffley Institute, and 
in 1916 he matriculated at Cornell 
University. As a Cornell undergrad- 
uate, he assisted on the staffs of the 
physics, mechanics, and machine design 
departments and was awarded the 
Sibley Prize for 2 consecutive years for 
holding the highest rating in engineering 
studies. He was graduated from Cor- 
nell in 1920 with a degree in Mechan 
ical Engineering. 

Within a short time of his graduation 
from college, he secured a position as 


This delivery, which marks the forty- 


Assistant Shop Superintendent for the 
Ponds Works of Niles-Bement-Pond 
Company. He left Niles-Bement-Pond 
in 1924 to become Assistant Superin- 
tendent for Ingersoll-Rand Company. 
In both of these positions, he was in 
charge of jig and tool design and con- 
struction, production and shop methods 
maintenance of plant and equipment, 
and inspection standards and meth- 
ods. 


Mr. Littlewood first became allied 
with the aircraft industry in 1927 when 
he joined the staff of Fairchild-Caminez 
Engineering Corporation as Production 
Manager. The following year, he be- 
came General Manager of Fairchild 
Engine Company. During this period, 
he was instrumental in developing 
several aircraft engines that were then 
regarded as among the best. At this 
time, he also visited Europe and ac- 
quired a comprehensive knowledge of 
continental aircraft plants. 


His present affiliation with American 
Airlines began in June of 1930, at which 
time he joined the predecessor company, 
American Airways, Inc. He was pro- 
moted to the position of Chief Engineer 
in 1933. The company was reorganized 
in 1934, and 3 years later he was elected 
Vice-President— Engineering. 

The work that Mr. Littlewood has 
accomplished in the development of 
such aircraft as the Douglas DC-3, 
DC-4, and DC-6 and the Convair 240 


17 


William Littlewood 


has received recognition on both sides of 
the Atlantic. It’s interesting to note 
at this juncture that several years ago 
the British aviation magazine, The 
Aeroplane, stated that ‘‘the industrv 
has Littlewood’s genius to thank for 
much of the efficiency built into the 
aircraft that really put the air transport 
business on the map. 

“The results of Littlewood’s 20 years’ 
work for American Airlines provide the 
most convincing and tangible evidence 
that the best transport vehicles are 
those evolved in specification from the 
practical engineering experience of the 
operator; always provided that the 
air-line engineer has the necessary 
spark of genius, and above all knows 
what he wants.’ 

Mr. Littlewood is a Director of Cor- 
nell Aeronautical Laboratory, Inc., and 
a Vice-Chairman of the National Advi- 
sory Committee for Aeronautics. An 
I.A.S. Fellow and past-officer, he also 
belongs to the American Society of 
Mechanical Engineers and the Society of 
Automotive Engineers. 

The Wright Brothers Lecture, an 
annual I.A.S. feature, is endowed by The 
Vernon Lynch Fund and was established 
in 1937. 
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1952 Guggenheim Medalist 


Sir Geoffrey de Havilland, Technical Director, The 
de Havilland Company, Ltd., of England, has been 
selected as the recipient of the Daniel Guggenheim Medal 
for 1952. Sir Geoffrey was cited for ‘‘forty years of 
pioneering in military and commercial aircraft and the 
development of long-range jet transport.’’ Presentation 
of the award will take place during the Annual Meeting 
of The American Society of Mechanical Engineers to be 
held in New York’s Hotel Statler from November 30 to 
December 5. 

This year’s Board of Awards was composed of 21 per 
sons who are either past winners of this award residing 
within the United States or representatives of the 
A.S.M.E., Institute of the Aeronautical Sciences, and 
Society of Automotive Engineers. Sir Geoffrey received 
the unanimous vote of this group. 
> The Medalist—Sir Geoffrey received his education at 
St. Edward’s in Oxford and at the Crystal Palace School of 
Engineering. In the early 1900's, he was employed in the 
drawing offices of Wolseley Motor Company, Vanguard 
Motor Bus Company, and London General Motor Bus 
Company—all British firms. 

His career in aeronautics, which led to his being knighted 
by King George VI in 1944, began in 1909 when he first 
designed aircraft and their engines. On February 7, 1911, 
he qualified for the Royal Flying Corps brevet, No. 53, 
flying a biplane of his own construction. That same year, 
he joined the staff of the Royal Aircraft Factory, Farn 
borough, as a Designer and Pilot. Three years later, he 
became associated with Aircraft Manufacturing Company 
as Chief Designer; he remained there for the duration of 
World War I. He formed his own company in 1920 

Throughout his career, Sir Geoffrey has been responsible 
for the designs of many production aircraft, both past and 


Sir Geoffrey de Havilland present. 


An 1.A.5. Honorary Fellow and Founder Member, Sir 


For “forty years of pioneering in military and commercial aircraft Geoffrey is also a Commander of the Order of the British 
and the development of long-range jet transport.” Empire and a Fellow of the Royal Aeronautical Society 
Aeronautical Structures to parasite aircraft techniques and ex niques and their application by the de 
Laboratory at Columbia ploring the tructural modifications re signing engineer. . 
quired for aircrait using radioactive The Columbia engineering faculty 
Plans for an Aeronautical Structures material or equipment will form the nucleus of the new Aero 
Laboratory at Columbia University’s The second { tion of the laboratory nautical Structures Laboratory Che 
new Engineering Center have been will be performed by a Research Infor following faculty members will con 
announced by Dr. John R. Dunning mation Exchange program, This infor tribute to the laboratory program 
Dean of the Columbia School of Engi mation section will serve as a clearing H. H. Bleich; Dr. Bruno Boley 
neering house for long-range basic-research data M.I.A.8.; Alfred M Freudenthal, 
The laboratory will have two prime on aircraft ructures, rockets, and M.1.A.S.; J. M. Garrelts; Raymond D 
functions 1) It will act as a focal guided missile Mindlin; and Mario G. Salvadori. Dr 
point in the development of structures Phe information section will make a Boley came to Columbia University 
for high-velocity aircraft and multiple critical survey f existing research from The Ohio State University this 
step transoceanic rockets 2) It will literature on aeronautical structures and past September 
serve as a central source for research materials ittempting to summarize Columbia also plans to establish an 
information in the field. In carrying whatever i rmanent value to the advisory committee of prominent engi 
out these functions, the laboratory will industry or « itional group It will neers from the aircraft industry to work 
be able to provide industry with trained also keep 1 ict With research in closely with the research and teachin 
specialists in the aeronautical structures progress and maintain close liaison with tall 
field industry so that ture research prob Che university’s special facilities, in 
Among the problems to be investi lems may fol] e most practical line cluding the Materials Testing Labora 
gated by the new laboratory will be In this wa possible to reduce tory, Analogue and Digital Computers 
ones such as adapting aircraft structures substantial] rT e lay between the and Cyclotron at Irvington-on-Hudson 
to air-borne refueling procedures and development construction tech 


Continued on page 64 
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Follett Bradley 


Major General Follett Bradley, 
U.S.A.F. (Ret.), M.I.A.S., died on 
August 4 of a heart attack in a Mineola, 
L.I., N.Y., hospital. He was 62 years 
old. 

General Bradley, a native of Ne- 
braska, was a Midshipman in the U.S. 
Naval Academy from 1906 to 1910. 
After serving as an Ensign for 2 years, 
he transferred to the U.S. Army Field 
Artillery as a Second Lieutenant. As 
signed to Ordnance in 1914, he served 
under the Air Commander of the 
American Expeditionary Forces during 
World War I on matters pertaining to 
aircraft armament and aerial gunnery. 
He was promoted to Major in the Air 
Service in 1920. He rose steadily 
through the commissioned grades and 
in February, 1942, was appointed a 
Major General. Shortly after the 
United States entered World War II, 
General Bradley was made Command 
ing General of the First Air Force. In 
July of 1942, he was sent on a special 
mission to Russia by the late President 
F. D. Roosevelt and was given the 
personal rank of minister. He was later 
awarded the Distinguished Service 
Medal for his services to the allied cause 
during this Russian assignment. Dur 
ing his military career, he also received 
the Silver Star, the Distinguished Flying 
Cross, and the Croix de Guerre with 
palm and bronze star. 

General Bradley attended various 
service schools, including the U.S. Army 
Ordnance School of Application in 1915, 
the Air Service Engineering School in 
1922, the Air Corps Tactical School in 
1927, the Command and General Staff 
School in 1928, the Army War College 
in 1932, and the Navy War College in 
1933. 

Since his retirement from the Army 
Air Force in April of 1944, General 
Bradley had been Assistant to the 
President of Sperry Gyroscope Com 
pany, Division of The Sperry Corpora 
tion, in addition to serving as Aviation 
Coordinator for the company 

General Bradley was a member of the 
Wings Club, the Meadowbrook Club, 
the Garden City Golf Club, and the 
Army and Navy Country Club of Wash 
ington 

He is survived by his wife, Mrs 
Hester Henderson Foster Bradley, two 
daughters, and seven grandchildren 


E. W. Cleveland 


Watkins (Pop’’) Cleveland 
was killed on August 7 when the Beech 


E. W. (‘‘Pop") Cleveland 


craft Bonanza that he was piloting on a 
vacation trip crashed and burned near 
Mt. Baldy, some 30 miles southeast of 
Seattle, Wash. He was accompanied by 
his wife, Mrs. Lucille Wilkinson Cleve 
land, and his secretary, Mrs. Anna Belle 
Kron Elmslie, both of whom were killed 
in the accident 

Born 62 vears ago in Naples, N.Y., 
Mr. Cleveland had logged approxi 
mately 10,000 hours since his first solo 
flight at Hammondsport, N.Y., in June, 
191] Che vear before this solo flight, 
he had gone to work for Curtiss Aero 
plane Company as a mechanic and 5 
vears later worked for a short time as an 
engine builder for Wright Martin Com 
pany. From 1915 to 1919, he served as 
a mechanie and tlight imstructor for the 
Aviation Section of the U.S. Army Sig 
nal Corps 


When World War I came to an end, 
Mr. Cleveland purchased a war-surplus 
Jenny and for some years barnstormed 
around the country. In 1923, he ac- 
cepted the position as Manager of 
Mayer Aircraft Company and 4 years 
later joined The Cleveland Pneumatic 
Tool Company, of which he was Vice- 
President and Special Sales Representa- 
tive at the time of his death. He was 
also President of Aero Engineering, Inc., 
which he founded in March, 1941, and 
Vice-President and Director of Elec- 
tronic Research Corporation and had 
been Vice-President of Airframe Supply 
Company since 1947 and Treasurer of 
Air Cruisers, Inc., since 1949. 

Mr. Cleveland was in charge of the 
development of landing gears for the 
Douglas B-19 and the Convair B-36. 
In the period between September, 1939, 
and October, 1942, he was granted six 
patents on landing-gear devices for air- 
craft. 

An Associate Fellow and Founder 
Member of the Institute of the Aero- 
nautical Sciences, Mr. Cleveland served 
this past vear as Chairman of the I.A.S. 
Cleveland-Akron Section. He was also 
a member of the Society of Automotive 
Engineers, Quiet Birdman, Cleveland 
Ad Club, Wings Club, City Club, Shrine 
Club, and various other organizations 
During his career in aviation, which he 
once said he began because in 1910 it 
was ‘‘a brand new means of transporta- 
tion with a future that very few people 
believed in,’’ Mr. Cleveland led air 
tours around the country and officiated 
at major aeronautical events 


He is survived by his son, Lewis F 
Cleveland. 


James A. Wright 


Word has been received concerning 
the death of James A Wright, 
r.M.1.A.S. However, the date and the 
circumstances under which death oe 
curred were not given 

Mr. Wright was born in Milwaukee 
Wis., on October 4, 1926. He attended 
Milwaukee’s Washington High School 
from 1940 to 1944 and was a_ stu 
dent at Northrop Aeronautical Institute 


from January, 1949 December 


Mr. Wright went to work for Hughes 
\ircraft Company the following month 
as a draftsman for various missile com 
ponent installations and structures. He 
left Hughes’ emplovment 


n September, 
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Vocational Guidance Plan 


It is certainly no news to anyone involved in the 
technical side of this industry that engineering talent 
in practically all categories isin short supply. Not only 
does present demand exceed availability by a substan 
tial margin, but there is little encouragement in the 
prospects for improvement for the immediate future. 
Actually, the outlook is worsening at an alarming rate. 
Statistical studies indicate a downward trend in the 
output of engineering graduates from all kinds of engi- 
neering schools. As I.A.S. President Beall pointed out 
at Los Angeles: “Industry right now needs 60,000 addi- 
tional engineers, with a minimum of 30,000 new engi- 


neers each year . . . look at the college and university 
picture . . . where 52,000 engineers were graduated in 


1950 and only 38,000 in 1951, this year’s total will be 
only 25,000,’’ and the downward trend is continuing. 

At the same time, President Beall mentioned that a 
project for the publication of an 7.A.S. Vocational Guid 
ance Manual was well under way. The plan is to pub 
lish a booklet designed to sell aeronautical engineering 
and the allied sciences to high-school graduates and to 
the freshman and sophomore groups in colleges and 
universities. The distribution of the booklet will be 
mainly via the Institute’s 22 Sections and their asso 
ciated 68 Student Branches in the United States. 

Since July, with the active collaboration of a cross 
section of our Corporate Members, considerable prog- 
ress has been made, and there is good reason to believe 
that the /.A.S. Vocational Guidance Manual will be 
available for distribution by the end of the year. 

First and most important job was the compilation of 
a basic job classification list covering all engineering and 
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job and research activities in the aeronautical and allied 
professions. This in itself was no small task because 
of a certain lack of standardization of job definitions 
within the industry. Our staff finally boiled down the 
list to some 170 basic classifications, which seem to cover 
the field. 

We then called upon industry for some advice and 
assistance. Blank forms were prepared listing our job 
classifications with space provided for the tabulation of 
certain basic information for each category —e.y., 
“What are the educational requirements for each job?” 
“What are the salary 
ranges?’ ete. These questionnaires were sent to a 


“What practical experience?’’; 


selected group of our Corporate Membership, and the 
returns have been analyzed and tabulated. This study 
It spells out 
exactly What the Young Engineer Should Know in se 


is the “‘heart’’ of the Guidance Manual. 


lecting a field for the exercise of his peculiar talents and 
is a yardstick for measuring potentials for advancement 
in his chosen branch. (In passing, it should be mentioned 
that the response by industry and by the N.A.C.A. to 
our request for information for this study was most 
gratifying and is hereby acknowledged.) 

To round out the booklet, information as to sources 
of the necessary education for the several job categories 
We have solicited information of this 
nature from all schools and universities that were known 


was needed. 


to offer courses in the aeronautical and allied sciences. 
We cannot, of course, publish detailed catalogs of all 
such courses available, but we are attempting to provide 
some sort of a general index of sources and extent of 
aeronautical engineering education in all regions of the 
country so that a prospective student will at least have 


some sort of directory at hand to guide his own 
inquiries. 

We are all aware that the publication of an /.A.5S. 
Vocational Guidance Manual will not solve the problem 
of the engineering shortage. That is a long-range prob 
lem that will take many years to relieve. One essen- 
tial, of course, is a reasonably stable industry that will 
automatically attract the right kind of talent from 
among the ranks of high-school graduates. There isa 
great deal of active competition from other industries, 
and it must be admitted that this aviation business 
has been “‘de-glamorized”’ to a certain degree. We do 
not intend to try to “re-glamorize’’ aeronautical engi 
neering by means of a manual, but we are hopeful that it 
will provide another tool to assist our industry to obtain 
the technical man power it needs so that it can success- 
fully cope with the increasingly complex problems of 


iaintaining our national security through Air Power. 
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The Shock Ignition Engine 


FRANK F. RAND, JR.* 
General Electric Company 


INTRODUCTION 


| leer BASIC IDEA OF THIS PAPER is the utilization of a 
shock wave of the right intensity as an ignition 
source in an engine similar to the present-day ram-jet 
engine. The main difference is the elimination of the 
igniter and the flameholder. The engine should not be 
considered the final or only form that may be devel 
oped. In general, this method of ignition could be 
employed in either a steady or an unsteady flow cycle. 
This paper presents some of the salient features of 
shock ignition in a simple steady flow cycle. 


TYPE OF COMBUSTION 


The shock wave offers a different plateau for igni 
tion than does normal deflagration. It is this plateau 
of ignition that enables the shock waves to ignite homo 
geneous fuel-air mixtures at much higher streaming 
velocities than does regular deflagration. This ignition 
wave could ignite fuel-air mixtures moving at a Mach 
Number as low as 1.8 and as high as 10. 

Many men have been interested in the activated o1 
disordered state of the molecules that exist through 
a shock wave. Becker, in his original work in 1922, 
calculated that the temperature in a shock wave trav 
eling in air at 2,150 m. per sec. would be 2,260°K 
Adiabatic compression to the same pressure that would 
exist behind a shock wave would only give a temper 
ature of 794°K. The big difference is an indication oi 
the disordered state of the molecules that exist behind 
the shock wave. It is this disordered activated stat« 
behind the shock wave that could be utilized to ignite 
homogeneous fuel-air mixtures. A. R. Ubbelohde of 
Belfast, Ireland, has attempted to explain theoretically 
what causes this form of ignition. 

In ordinary deflagration the molecules are generally 
excited through the addition of heat to some activated 
state. The valance bonds are stretched until the 
molecules are in a position for combination with others 
In the shock wave this is not necessarily done in the 
same manner. 

In general, Ubbelohde and others believe there ar« 
three main contributing causes for shock ignition or 
detonation. First, as stated above, there is a high dis 
ordered state that exists through and behind the shock 
wave. This results in more collisions and more energy 
transfer between molecules. The second contributi 


cause is the great number of free atoms, molecules, and 


Presented at the Propulsion Session, Annual Summer Meetir 
1.A.S., Los Angeles, July 16-18, 1952. 

* Research Engineer. Now with the Scientific Laboratory 
the Ford Motor Company 


radicals that exist for combination immediately behind 
the shock front. Assuming a homogeneous mixture 
ahead of the wave, more combustion would be ini 
tiated in a short period than would be possible in nor 
mal deflagration. The third contributing cause is the 
high ordered motion that exists behind the shock wave. 
Behind a shock wave there is a streaming velocity in the 
direction of the shock-wave motion. This tends to 
cause more collisions in the direction of motion. Again, 
assuming a homogeneous mixture ahead of the shock, 
this would allow for more collision and more combi- 
nation and, therefore, more heat release in the same time 
than would be the case in subsonic deflagration 


To bring out further the potential that exists through 
the action of shock waves, mention should be made of 
Dr. G. N. Patterson’s work at the University of Toronto. 
Dr. Patterson and associates have designed a shock 
tube that will develop shock waves over a range of in 
tensities. It has been demonstrated that shock waves 
could be focused and collided. 


The group at the University of Toronto designed a 
double-ended shock tube to study this shock-wave 
interaction. Shock waves are simultaneously sent from 
opposite ends of the tube (Fig. 1). Exceedingly high 
temperatures may be developed when the waves collide 
in the center test section. In addition, they noticed 
that similar temperatures were created when a shock 
wave of the right intensity was reflected from a wall 
(Fig. 2). The x-t plot shows where the wave will be 
versus time in the tube. The temperature behind the 
reflected wave may be extremely high. This temper 
ature only persists for a short period because of the ac 
tion of the rarefaction wave that is following behind the 
shock. However, the temperatures are so extreme that 
the region behind the reflected wave may be luminous 
(Fig. 2, top picture). This tends again to point to the 
plateau that there is for ignition through the action of 
shock waves. It is conceivable that engines flying at 
lower supersonic Mach Numbers could employ this 
form of shock collision as an igniter and thereby elimi 
nate the present spark source or igniter. 


Past EXPERIMENTAL EVIDENCE 


In the past, many men have been interested in shock 
ignition or detonation, as it is commonly called. A dis 
tinction should be made between detonation and shock 
ignition. Shock ignition could be defined as an igni 
tion wave that is overintense. Its intensity is con 
trolled by conditions other than just the heat release 
A detonation wave could be defined as a wave that 
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progresses through a mixture at a speed dependent on 
the rate at which the heat is liberated behind it. Then, 
its steady-state Mach Number would be a function of 
the fuel and fuel-air mixture that is being used. 

Detonation fronts have been investigated by men 
such as Chapman, 1899; Jouquet, 1905; and Becker, 
1922. Using the equations of conservation of mass, 
momentum, and energy, these men predicted theoretical 
numbers for the steady-state detonation velocities. 
These theoretical predictions have resulted in good 
agreement with experimental detonations in tubes. 
More recently, Dr. W. C. F. Sheppard, of Sheffield, 
England, has investigated this form of ignition. He was 
interested in preventing mine explosions. Before his 
investigations had progressed very far, he had developed 
a shock tube and was sending shock waves into various 
fuel-air mixtures. They successfully ignited ethylene- 
air mixtures at temperatures as low as 704° to 726°R. 
Listed ignition temperatures were 1,464°R. This 
again tends to bring out the ignition potential that there 
is through action of a shock wave. 

In addition to the work done by Dr. Sheppard, the 
University of Michigan in recent years has spent con- 
siderable time on this problem of detonation or shock 
ignition. This work was initiated in 1948 and has been 
continued to the present. In the early stages of this 
study, shock waves were produced by firing high-speed 
bullets into fuel-air mixtures. The nose (Fig. 6) was 
ground flat to produce a detached shock ahead of the 
bullet. The first tests were made with propane-air mix- 
tures with no success. Following this, however, acety- 
lene-air mixtures were used and were successfully ig- 
nited through the action of the normal shock at the nose 
of the bullet. These tests were summarized in prog- 
ress reports published at the University of Michigan. 
The theoretical pressure and temperature as calculated 
from the following formulas gave the pressure behind 
the shock to be 225 lbs. per sq.in. absolute and the total 
temperature behind the shock to be 1,965°R.: 


Peo 2y — | (1) 
oy +1 y+1 
T) = T {1 + [(y — 1)/2]M?} (2 


This assumed the ambient temperature of 540°R. and a 
y of 1.4. 

Following these bullet experiments, a shock tube was 
developed in order to give better control of the vari- 
ables. The shock tube is not new. It was initially 
developed by Vieille in 1899, and the basic principles 
have not changed since the original. In general, there 
are three sections: the reservoir for storing the high 
pressure gas, the valve section, and the downstream test 
section. For the work at Michigan three assumptions 
were made: (1) The temperature was assumed to be 
the same in the reservoir and in the test section filled 
with fuel-air mixture before the diaphragm or valve was 
opened; (2) the diaphragm was assumed to shatter in- 
stantaneously; and (3) the flow was assumed to be one 
dimensional through the tube. 
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The reservoir gas that is stored under pressure forms 
a driving piston and moves downstream into the test 
section. This driving piston of reservoir gas produces 
the shock wave. By controlling the reservoir pressur¢ 
and the downstream test section pressure before shat 
tering the diaphragm, any desired Mach Number of 
shock wave can be formed. Fig. 3 shows the sche 
matic drawing of the shock tube and the pressure dis 
tance plot before the diaphragm is shattered. P 
and P» are the reservoir and test section pressures, r 
spectively, before the diaphragm is shattered. When 
the diaphragm is shattered, the reservoir gas starts 


flowing downstream into the test section (Fig. 4). It is 
Po Ay (yo - ] 
pri 2 


For the plot of po/p2 and po pi vs. Mach Number of thi 
wave, see Fig. 5. 

The operation of the shock tube then is quite simp| 
The desired Mach Number is obtained by setting P 
and P:. The desired fuel-air mixture is placed in th« 
test section before the diaphragm is shattered. The 
distance between the front face of the reservoir gas and 
the shock wave becomes greater and greater as the 
shock wave and contact surface move toward the ex 
treme downstream end of the test section. This e1 
ables the shock to ignite gases in a better fashion than 
could be done behind the bullet. This is one of the 
reasons why the bullet experiments were extended t 
the shock tube. It was felt that perhaps more tin 
would be needed for the reaction rates to take plac« 
A shock tube allowed more time and gave a constant 
set of conditions behind the shock wave and ahead 0 
the driving piston of reservoir gas. 

Figs. 7, 8, and 9 are typical acetylene-oxygen deto 
nation pictures as taken in a shock tube at the Univer 
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this driving piston of reservoir gas which produces the 
shock wave. The velocity and pressure are equal be- 
hind, and ahead of, the front face of the contact sur- 
face. See section (1) and (1)! of Fig. 4. 7) is much 
hotter, however, than 7’. As the front face of the 
driving piston, called contact surface, and the shock wave 
move downstream, a rarefaction wave moves upstream. 
The tube must be designed so that the shock wave can 
reach the test section before the rarefaction wave can 
go upstream to the end of the reservoir and back. The 
following expression gives the pressure ratio po/p: as a 
function of po/p; across the shock wave and the speed 
of sound Asand Ao: 


sity of Michigan. Fig. 7 is approximately a stoichio 
metric mixture. Fig. 8 is slightly leaner and Fig. 9 
is the leanest. On scrutinizing these pictures it ap- 
peared that the leaner mixtures burned more roughly. 
Their ignition zone is somewhat thicker than would be 
the case for the near stoichiometric fuel oxygen mix 
ture. Dr. R. B. Morrison, of the University of Michi- 
gan, has done considerable work in this field and has 
written his doctoral thesis on this phase of the investi- 
gation. These detonation pictures are part of that 
work that has been carried on during recent years. 
Fig. 10 shows two typical shock ignition pictures for 
hydrogen-oxygen mixtures. The leaner mixture appears 
to ignite downstream some distance from the shock 
front. Fig. 11 presents some of the data that have 
been collected at the University of Michigan. The 
shock tube described above was used for these experi- 
nents. It is clear that fuel-oxygen mixtures can be 
ignited over a range of Mach Numbers from 2 < M/ < 


10. The Mach Number of the detonation wave ap 
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pears to be a function of the heat release behind and 
through the detonation front (Fig. 11). A report will 
be published at the University of Michigan sum 
marizing this phase of the detonation study. From 
an investigation of these detonation waves and the 
above discussion, it is clear that a shock wave can be 
used to ignite various fuel-oxygen and fuel-air mix 
tures. 


OUTSTANDING FEATURES 


It appears that this fori of ignition offers a different 
potential for ignition than does subsonic deflagration. 
It is not necessary to slow the incoming air down to a 
relatively low velocity in order to maintain combustion. 
In the past, the velocity in the combustion zone was of 
the order of 2 to 400 ft. per sec. Now, combustion 
chamber velocities could be as high as several thousand 
feet per second, depending on the selected fuel and the 
fuel-air mixture. This form of ignition can be used to 
ignite at temperatures that appear to be below those nor 
mally quoted for similar fuel-air mixtures. This is per 
haps the result of the extreme activation state that 
exists behind the shock, as well as the high ordered 
motion and resulting collisions in the direction of shock 
motion. 


THE ENGINE 


Utilizing the above data, it appears that some form 
of engine could be designed to operate with this form of 
ignition. 


Fig. 12 presents such an engine. Fig. 13 
The main 
difference, as mentioned before, is the elimination of the 
mechanical igniter and flameholder. The normal 
shock that exists in the downstream portion of the 
diffuser in the present-day ram-jet would be strength 


ened somewhat and utilized 


presents the typical present-day ram-jet. 


as a continuous ignition 
source, 

The injection nozzles would be moved from the sub 
sonic portion of the present-day ram-jet upstream to a 


position close to the diffuser throat. Injection would 


IGNITION 


ENGINE 


be such that mixing would take place upstream of the 
normal shock in the downstream portion of the inlet 
diffuser. 


Combustion or completion of combustion 
would take place within the constant area combustion 
The shock front itself would act as an infinite 
souce of pilot zones and combustion would be com 
pleted by the time the fuel-air mixture had reached the 
downstream end of the combustion region. 


chamber. 


The exit 
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nozzle would be used to control the location oi 


the shock igniter. At the design Mach Number there 
would be a flow balance between the fixed geometry 
diffuser and exit nozzle shown in Fig. 12. Both the 
diffuser and exit nozzle would be operating at the 
correct design point. The stable normal shock igniter 
would be located near the downstream end of the 
diffuser. The shock position would be controlled by 
the critical mass flow through exit nozzle. 

In other words, the throat of the exit nozzle is the 
controlling throttle for the mass flow through the en 
gine. The location of the normal shock in the diver 
gent portion of the inlet diffuser is controlled by this 
critical mass flow through the exit nozzle. This loca 
tion is a function of the back pressure developed within 
the combustion chamber. The limiting mass flow for 
Mach Number equal to | at the downstream exit nozzle 
throat could be written as follows: 


m = critical mass flow = pA’ 


= pAV = P,AM X 


| +] 2 

Ir 
Vaz, | + 2 | 


Fig.13 
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For M, = i. 


| 9 (y¥+1)/2 
-=PrA4! 5 


When A is constant, the critical mass flow varies di 
rectly as Pr and inversely as the square root of 7; 
These, in turn, are dependent on flight velocity, fuel 
air ratio, and altitude. 

Perhaps a more complete way of expressing the bal 
ance between inlet and exit would be to equate the mass 
flow through the exit throat to the mass flow through 
the inlet diffuser. Let station 0 be that station at the 
inlet lip of the engine and station 4 be that station 
at the exit nozzle throat. If the fuel flow is neglected 
and if average y's and R’s are used, the continuity 
equation between stations 0 and 4 could be written as 
follows: 


m= pAV continuity equation 
p = pRT state equation 
Therefore, 


; PAV PAV yRT 
n= pAV = 
RI RI 


OF 
m= = AJ | 6 
Rr 


P = Pr/}1 + [(y — 1)/2]4?} S) 


Substitute Eqs. (7) and (8) in Eq. (6). 


{ +1 1/2 
¥ y—1 
m = PrAM \ [ ue | 
RT 2 
m = PrAM [ 
RT; 2 


mo = mal — f) (w,/g) Q) 


Neglecting fuel (f), 


Y 
14 Mo? 
2 


Now = 1. 


Therefore, 


AE) 


10 
+ [(y — 
In order to gain a better understanding of the prob 
lem, assume for the moment that no heat is added to 
the air flowing through the duct. Therefore, after 
simplification, Eq. (10) could be written as follows: 
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SHOCK 


where 77, = 77, and M, = 1. 


Eq. (11) could be used to simulate conditions in a 
The influ- 
ence of back pressure on the mass flow pressure recov- 


ram-jet engine employing shock ignition. 
ery and shock location can be studied. At the design 
point the shock is located in the divergent portion of 
the diffuser. Assume .J/) to be constant. Therefore, 
the right-hand side of Eq. (11) is constant. Increasing 
A, or the nozzle throat area would have to be balanced 
by decreasing Py,, since Pr, on the right-hand side of 
the equation was held constant. Therefore, increasing 
A, would decrease the back pressure, and, for conti- 
nuity to exist, the shock wave would have to move 
downstream in the diffuser. At this new position the 
normal shock would be stronger and Py, would de- 
crease. Exactly the opposite would happen if A, were 
decreased. The back pressure would increase, forcing 
the shock to move upstream through the diffuser to a 
new position. 

Actually, the back pressure in a jet engine employ- 
ing shock ignition would be a function of the flight ve- 
locity, fuel-air ratio, and ambient temperature. A 
brief discussion of each variable would improve the 
Consider the effect of 
Holding the 


altitude, ambient temperature, fuel-air ratio, and geom- 


understanding of the problem. 
changing 1% below the design point. 


etry constant, Eq. (10) could be rewritten as follows: 


P; 14) ) 1)/2 —1 

‘= K VM, = (12 
+ [(y — 1)/2] Mo?) 
where 


Decreasing ./) would increase the right side of Eq. (12). 
Therefore, for the continuity equation to hold the ratio, 


(Pr,/Pr,) would have to increase. To do this, the 


shock wave must move forward toward the throat of 


the diffuser. 

If all other variables were held constant except fuel- 
air ratio, only the design fuel-air ratio would give opti- 
The effect of 
fuel-air ratio on the shock location could be studied if 


mum performance and shock location. 


all of the other variables were held constant. Rewrite 
Eq. (10) as follows: 
Pr,/\Tr, 
Ay [(y — 
where 
Mo = constant 
Pro = constant 
= constant 
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Increasing the fuel-air ratio increases 77,. This causes 
the ratio of (T7,/Tr,) to decrease. Therefore, the ratio 
(Pr,/Pr,) would have to increase to hold the right side 
of the equation constant. The shock would move 
forward in the diffuser decreasing the total pressure 
recovery P7,. Therefore, increasing the fuel-air ratio 
tends to move the shock forward in the expanding por- 
tion of the diffuser. 

The effect of the ambient temperature of a shock loca- 
tion could be studied if all other variables were held con- 
Hold fuel-air ratio, geometry, and My 
Decreasing the altitude below the tropo- 
pause would increase the ratio of (77,/T7,). The ratio 
of (P7,/Pr,) must decrease in order to hold the right 
side of the equation constant. To accomplish this, 
the shock would move downstream in the expanding 
portion of the diffuser, resulting in a lower total pres- 
sure recovery Pr, Therefore, decreasing the altitude 
below the tropopause (and, therefore, the ambient tem- 
perature) causes the shock to move farther downstream 
in the expanding portion of the diffuser. 

Summarizing then, it would appear that the correct 
design for the shock ignition engine would utilize the 
exit nozzle throat as a throttle. The mass flow would 
be balanced between this exit throat and the inlet dif- 
fuser throat. The variables would have to be selected 
for some unique solution. The first to be selected 
would be a flight Mach Number. After this, some de- 
sired fuel and fuel-air mixture would be determined. 
The next step would be to design a diffuser to give the 
desired pressure recovery and yet allow room near the 
throat of the inlet diffuser for the fuel nozzles. 
should result in a fairly homogeneous mixture up- 
stream of the normal shock. 
would be selected to give the desired shock location 


stant as above. 
constant. 


Mixing 
The exit nozzle area 


when considered with the flight Mach Number and 
The basic idea 
would be to select the area and total temperature re- 
quired to locate the normal shock in the downstream 


temperature in the combustion zone. 


portion of the inlet diffuser. This shock wave could 
be somewhat overintense such that its control and loca- 
tion would be a function of the effective back pres- 
sure. The shock wave serving as an ignition source 
Its Mach Number 
would not be dependent on heat release as is the case 


could be defined as a shock ignitor. 


ina detonation wave. 
The 


ratio of combustion chamber area to inlet capture area 


There are many advantages to such an engine. 


for the proposed engine would be less than for similar 
ram-jet engines. At supersonic flight Mach Numbers 
below 3.2, this would result in a ratio of combustion 
area to capture area less than 1, instead of greater than 
1 as is the case for the present ram-jet. Therefore the 
engine drag would be less. In addition, there would 
be a weightsaving due to the smaller diameter combus- 
Then, too, the engine would be lighter 
because of the elimination of the mechanical flame- 
holders. There would be the added advantage of no 


pressure loss through the flameholder region. 


tion chamber. 


(Concluded on page 62) 
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New Components for Air-Frame Construction 


Report of Progress 


JOHN F. FAULKNER? and JOHN H. ALDEN: 


Aluminum Company of America 


INTRODUCTION 


_— AS AIRCRAFT DESIGNERS are now reducing to 
practice some of da Vinci's dreams, so Alcoa is 
developing new products that fulfill some of the air 
‘rame designer's dreams of more efficient structures 

In 1947, the Aircraft Industries Association con 
ducted a survey that brought into focus and gave 
official standing to a number of proposals for new struc 
tural elements that had been under discussion for 
several years. Using this clear expression of the 
aircraft industry as a guide, Alcoa concentrated on those 
items that showed greatest promise. Much of the 
early work was done without any contracts or orders for 
material. The aircraft industry was ready, however, 
to support the various projects by buying the new 
products as soon as they were offered on an experi 
mental basis. The Air Forces also contributed sub 
stantially in the matter of new equipment. 

Many important modifications have been made in 
existing equipment, and new techniques have been 
developed. 


Two pieces of large new equipment 
installed; others are under construction or on ordet 

The status of the new products and of related new 
equipment is outlined below. 

Roll-Tapered Sheet and Plate are now being pi 
duced, and a new rolling mill and roll-leveler are on 
order. This equipment will increase the maximum 
available width, taper, taper ratio, thickness, and flat 
ness of tapered sheet. This mill will also permit greater 
width and closer tolerances on wide uniform thickness 
material. 

Wide Ribbed Extrusions have been produced con 
mercially in the flattened form. A new extrusion press 
and stretcher are now being installed, the use of which 
will enable improvements in size, minimum thickness, 
flatness, and stress relief of ribbed extrusions and¢other 
shapes. 

Large Forgings are being produced on a new larg 
hydraulic press recently installed by Alcoa. Forgings 
of increased size and weight are available from this 
machine. Additional new presses having up to 50,000 
tons capacity are planned for the near future; now i 

Presented at the Design Session, Annual Summer Meet 
1.A.S., Los Angeles, July 16-18, 1952 

* The authors are grateful for the substantial contributio 
Kirby F. Thornton in conduct of new product development 
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Development Engineers 
+ Chief Metallurgist, Fabricating Division 


the time to start designing parts for early production 
on these presses. 

Rolled Shape and Forging Stock production is now 
improved through the use of a new forging press in 
stalled early this vear. 

Ribbed Sheet has been produced in narrow widths. 
Present techniques are more encouraging than any 
tried previously for producing wider widths. 

Improvements in quality have been effected by Al 
coa’s rapidly advancing techniques in detecting and 
correcting imperfections during ingot casting, and 
through careful inspection with supersonic reflecto 
scope, of all high-strength alloy ingots and_ billets, 
where size permits. Large equipment enables bene- 
ficial increases in working, but high-quality ingot is 
fundamental and maximum soundness cannot be 
achieved in large products without it. 

In the case of all new products, it must be emphasized 
that only a continuing demand by industry can justify 
uninterrupted effort by the aluminum producer. 
Although the industry cannot be expected to make 
immediate use of every idea that is advanced, it is only 
reasonable that the aircraft producers share in product 
developments by purchasing enough material during 
the pilot production stages to permit a fair appraisal 
by both parties. 


ROLL-TAPFRED SHEET AND PLATE 


Alcoa began the development of roll-tapered sheet in 
this country about 6 years ago and was rewarded by 
initial sales in 1948. Since that time nearly 4,000,000 
lbs. of roll-tapered sheet and plate have been shipped 
to aircraft customers in the United States and Canada. 
Material rolled to date has ranged in thickness from 


1 


about '/3: in. to nearly */, 1n., in widths up to 67 in. 


and lengths up to 25 ft. 

Tapered sheet has so far been used for wing and 
tail skins and for spar webs. Cantilever loading is 
characteristic of these applications; other uses involving 
similar loading are anticipated because of the natural 
suitability of a taper for this type of loading. 

Roll-tapered material is of uniform thickness across 
the width at any point and varies in thickness at a 
uniform rate throughout its length, as shown in the 
diagram of Fig. | Its taper is achieved by raising 
or lowering the upper rolls vertically while the sheet is 


passing through. Fig. 2 shows a view of some tapered 
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This material is 
more realistic in its proportions, of course, than that 


sheets for a production jet fighter. 


shown in the diagram; its dimensions are 0.130—0.047 
by 44 by 157 in. 

It is evident that the use of roll-tapered sheet is 
limited to those applications in which it is not manda- 
tory to have integral reinforcement. Such reinforce- 
ment can be obtained in ribbed extrusions and ‘‘sculp- 
tured”’ plates. More will be said about these later. 

In general, tapered sheet production is primarily 
limited by flattening problems. It is usually possible 
to roll material of any size and taper that can be satis- 
factorily flattened. 

There are five main advantages in the use of roll- 
tapered sheet as opposed to the machined product: 


(1) Capacity is greater for producing the rolled 
product in most cases. 
2) Roll-tapered sheet is available with an alclad 


coating on both sides. This cladding varies in thick- 
ness at a constant ratio to the sheet thickness through- 
out the length. 

(3) The rolled product is flatter than its machined 
counterpart in cases of material too large to stretch. 

(4) The surface of roll-tapered sheet normally re- 
quires no mechanical finishing. 

(5) The waste of machine chips and extra shipping 
weight is avoided. 

The lower portion of Fig. 3 illustrates the weight- 
saving, as a function of taper ratio, achieved by sub- 
stituting a tapered sheet for a uniform thickness sheet 
of equal width and length; the thick end of the tapered 
sheet is the same gage as the uniform thickness sheet it 
replaces. Referring again to Fig. 1, it can be seen that 
the weight saved in such a substitution would be in the 
The 
weight saved is based on the ratio of metal in this 
This 


form of a “wedge” of metal. calculation of 
wedge to that in the original parallelepiped. 


ratio, in terms of thickness, is 


weight saved = (1 2)(fe 


When expressed as percentage, in terms of taper 
ratio (7'R), the equation becomes: 


(TR — 1)/(2TR)] 


weight saved, per cent = 100 


The magnitude of saving would be greater or less if 
the tapered sheet replaced more or less than one panel. 
Present Alcoa equipment limits dimensions to a taper 


» 


ratio of about 3. New equipment now on order will 
permit an increase in ratio to about 4! 

A significant fact shown by the lower curve in Fig. 3 
is the decrease in the rate at which weightsaving is 
achieved as the taper ratio increases. This diminishing 
return is aggravated by the difficulty of flattening, 
which is expensive in dollars, man-hours, equipment 
time, and scrapped metal. 

The upper part of Fig. 3 illustrates the strong in 
It is 
inordinately harder to flatten wide sheet than narrow 


fluence of sheet width on the flattening problem. 


sheet. One solution to this problem is to purchase 


TAPER RATIO(TR)= TAPER IN. /FT = tarts 


—— DIRECTION OF ROLLING “ 


~ 


TAPERED SHEET 
Schematic drawing, exaggerated, of a piece of tapered 
sheet 


Fic. 2. Stack of tapered sheet. Each sheet is 0.130—0.047 in 
by 44 in. wide by 157 in. long. 
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Fic. 4. (Lower) Plot showing maximum width of tapered sheet 
which can be produced on present and future rolling mills for a 
given thin-end thickness of sheet. (Upper) Qualitative plot of 
thickness tolerances for tapered sheet on present and future mills 


wide sheet in the unheat-treated condition and to use a 
stretch-forming operation immediately after heat 
treating to remove out-of-flatness while contouring the 
sheet. 

Thickness is also a factor in flattening, and it is 
especially noticeable in the case of tapered sheet 
There is much less difficulty in flattening material above 
about 0.100 in. than there is with thinner sheet. 

The flattening of tapered sheet is done in the freshly 
heat-treated condition within the shortest possible tim« 
after quenching to take advantage of the superior 
formability available at this time. The close timing 
and rapid handling necessary to accomplish this tech 
nique make the flattening operation expensive, but it 
is the only way that has been found to achieve satis 
factory flatness. 

Fig. 4 depicts the limiting effect of thickness on width 
for the present and new mills. The maximum width oi 
60 in. applying to present sheet under about 0.250 
in. thick is controlled by close tolerance (cold) rolling 
equipment. Larger (hot) mills having coarser gage 
control are used for widths from 60 to 72 in. The‘new 
mill is designed to provide the fine control and power 
necessary to cold-roll wide sheet and plate, thus 
achieving closer tolerances. Note the upper curve on 
Fig. 4. 

Means for controlling taper will be provided in the 
power system for this new mill, which will allow 
more flexibility than the modified controls on present 
equipment. This mill is to be installed at Alcoa's 
Davenport, Iowa, Works. It will be capable of pro 
ducing sheet and plate in thicknesses from !/j4 to | 


in., and up to 120 in. wide for all but the thinner gages 


~ 
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TABLE | 

Dimension Present Future 
Length 38 ft 38 ft 
Width, sheet 60 in 120 in 
Width, plate 72 in 120 in 
Taper rate 0.025 in. /ft. 0.050 in. /ft 
Taper ratio 3 4.5 
Thickness, maximum 0.750 in 1.5 in 
Thickness, minimum 0.032 in 0.032 in 


Thickness tolerance Commercial* +0.001 Commercial* 


Standard commercial tolerances for gage and width of uni 
form thickness sheet corresponding to any given location on 
tapered sheet 


The presently available and anticipated future 
maximums in dimensions of roll-tapered sheet and 
plate are detailed in Table 1. 

Many combinations of the extremes given in this 
table are, of course, impossible. Any combination in 
volving more than one maximum is usually marginal 
and subject to experimental production restrictions. 
In cases involving moderate dimensions, there is usu- 
ally no production problem. Although tapered sheet 
is a custom-made product, delivery can be obtained in 
almost the same time required for a mill shipment of 
uniform thickness sheet. Some extra time must be 
allowed for a presale inquiry before the order is actually 
accepted. 

The roll-leveling machine included in the new in- 
stallation for tapered sheet production will have con- 
trols to accommodate tapers up to the mill maximum 
of 0.050 in. per ft.; its capacity is chosen so as to 
complement present equipment. 

All the roll-tapered sheet produced so far has been 
of alloy 75S. Other alloys are available if required. 

There has been a good response to tapered sheet 
developments. It is felt that there are many places 
where it might yet be used to advantage if designers 
would carefully consider its benefits in all the possible 
applications, but its acceptance to date has been re 
assuringly widespread in the industry. 

The new mill will also increase the width of uniform 
thickness material which can be rolled in thick sheet 
and thin plate ranges, The present limits for these two 
thickness classes are 60 and 90 in., respectively; the new 
limit will be 120 in. in both cases. The thickness 
tolerances of material wider than the present com 
merical limits are usually subject to some increase with 
present equipment. It is anticipated that the new 
mill will make unnecessary the additional tolerance on 
wide sheet such as shown in Fig. 5. 

The availability of wide sheet and plate having 
close thickness tolerances gives obvious advantages 
both for direct use and for ‘“‘blanks’’ to be machined. 
The latter type of “‘sculptured’”’ component is capable 
of high structural efficiency because of the integral 
reinforcing that can be achieved. 


WIDE RIBBED EXTRUSIONS 


This discussion deals only with shapes of sufficient 
width to require extruding in a ‘“‘compressed’’ width 
configuration. 
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Alcoa’s first production of this type section was —— 
nearly 12 yearsago. At that time a shape was extruded 
for Grumman Aircraft Engineering Corporation, meas- 
uring about 17!/2 in. wide and °/s in. thick and having 
three ribs on one side. The urgency of World War II 
production overtook the project, however, and nothing 
more was done until after the war. 


In 1946, Alcoa began another project on a similar 
on shape for Boeing Airplane Company. This section was 
| about 19'/, in. wide and */i, in. thick, with 4 Tee 
stiffeners. Several charges of this shape were extruded. 


WORLDS LARGEST 
RIBBED EXTRUSION 


Then started the long and discouraging task of learn- 36° DEVELOPED WI0OTH 
n : 
ing to flatten such shapes from their as-extruded con- 
hi tours. This particular section was extruded in a 
horseshoe-like cross section. All efforts to flatten it 
in ° 
; were unsuccessful, so it was decided that a Vee-shape 
section should be made to avoid the necessity of flat- 
tening more than one curved region. Fig. 6 shows the 
, earlier and later versions of this shape. Flattening Fic. 7. Large ribbed extrusion extruded as a hollow section 
pes Thickness is in., except stiffener stems that are 0.140 in 
of the Vee was successful. 
in 
of A much wider shape was produced in 1950; it was 
be extruded as shown in Fig. 7, using a mandrel and a hollow 
Ilv ingot. Its width after flattening was about 36 in. 
] and thickness */;, in., with five Tee stiffeners each 2 in. 
f é : 
in high by 0.140-in. stem thickness. Flettening of this 
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Fig. 8. Four pieces of 36-in. wide ribbed extrusion after 
eet flattening. 
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tl Fic. 5. Dotted line shows greater tolerances required for wide 
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Ith Fic. 6. Cross-sectional views of the original and the present Fic. 9. Production lot of a wide ribbed extrusion after flatten- 
commercial version of a wide ribbed extrusion in the as-extruded ing. An as-extruded section of this shape is shown at the right 


form Developed width is 19'/, in thickness is */j¢ in front corner of the front stack 
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TABLE 2 
Tentative Manufacturing Limits for Normal Extrusions 
Circumscribing 

Circle Diameter, Minimum Thickness—Solid Shapes—In. ~ 
In 35-635 618-628 14S 248-758 

Under 13 0.093 0.109 0.125 0.156 

13 to (not incl.) 16 0.109 0.125 0.156 0.187 

16 to (not incl.) 19 0.128 0.140 0.171 0.250 

19 to (not incl.) 28 0.140 0.156 0.187 0.375 

These thickness limits are applicable to the average solid shape. Greater thickness may be necessary for some shapes; 


less thickness may be possible for others 


shape was relatively successful but not practicable 
commercially, 

The Vee-shaped section is best adapted to commercial 
production, and a flatness tolerance of 0.008 in. per 
in. Of width is now considered standard. 

The flattening of ribbed extrusions from the as-ex 
truded Vee to the final flat shape is done in the annealed 
After flattening, they are 
quenched, and stretched conventionally. 

Fig. 8 shows some flattened pieces of the 36-in. wide 
extrusion mentioned above. 


temper. heat-treated, 


A later shape, one of the 
first production runs on wide ribbed extrusions, is 
shown in Fig. 9. The as-extruded Vee of this section 
is seen at the right front corner of the front stack. 

The limitations on maximum widths and minimum 
thicknesses of various alloys producible on present and 
future equipment are shown in Fig. 10. The new equip 
ment that effects this improvement is a 13,200-ton 
extrusion press now being moved to this country from 
Germany for installation at Alcoa’s Lafayette, Ind., 
Works. 


This new press has other advantages, of course, 


besides improving the width and thickness of wid 
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Fic. 10. Graph showing present and future limits on width for 


given thicknesses of wide ribbed extrusions 


Fic. 11 


One-piece extruded spar after machining 


bending. 


ribbed extrusions. Table 2 gives an idea of its limita- 
tions on circle size and thickness of solid shapes. Al- 
though these limits are tentative, sufficient experience 
has been gained on present equipment to assure good 
agreement between estimated and actual capacity. 
In addition to the above improvement, the new press 
will be capable of producing extrusions weighing 2,300 
Ibs. as compared to the present maximum of about 600 
lbs. This will permit wider usage of one-piece spars 
and also eliminate splices in spar caps used in conven- 
tional built-up Other assemblies may be 
replaced by fewer, larger pieces as shown in Fig. 11. 


spars. 


The new stretcher, which is to be installed as an 
auxiliary to the extrusion press, is of great importance 
because of the strong influence that stretching exerts 
in reducing warpage during machining. Fig. 12 illus- 
trates graphically the effect of stretching on a piece of 
material having the same strength throughout the 
cross section and containing internal stresses of about 
10,000 Ibs. per sq. in. in tension at one location and the 
same magnitude in compression in another part of the 
same cross section. The resulting stress-strain curves 
are identical except for horizontal displacement. 
Stretching into the plastic range results in a reduction 
of the original stresses to values of only a few hundred 
pounds per square inch, and machining distortion is 
practically eliminated. 

The desirable condition of uniform strength is nor- 
mally present in 75S, but not in 148 and 24S, alloy 
shapes. In these latter alloys, the outer portions tend 
to recrystallize upon heat-treatment because of exten- 
sive working in the extrusion process. Recrystallized 
material is generally lower in longitudinal strength than 
the unrecrystallized metal. Stretching of such shapes 
obviously will leave a condition of compressive strain 
in the weaker material and tensile strain in the stronger 
unrecrystallized portions. 

If the shape is asymmetrical, as is often the case, 
stretching will cause it to bow toward the region with 
the least recrystallized material. Commercial prac- 
tice normally requires straightness in preference to low 
internal strain, so such bow is usually removed by 
This straightening creates a new pattern of 
‘residual stresses so that machining warpage may still 
be a problem. 


A special temper in one alloy —namely, 14S-T64 


provides a real improvement over 14S-T6 and 24S-T4 
in low residual stress and is susceptible to good strain 
relief by stretching. mechanical 
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NEW COMPONENTS FOR 
accompany recrystallization of thicker sections so that 
there is some disadvantage in the use of 145-T64 over 
1/,in. thick, but the cases in which the thickness is less 
than '/, in. or the warpage problem is acute can be 
benefited by the use of this temper. 
Distortion during and 
afterwards are especially difficult to cope with in the 
case of large heavy extrusions. 


machining straightening 
Many extrusions pro- 
duced on present presses are too large for existing 
stretchers, and, of course, the new press will increase 
the number of large sections produced. On present 
equipment it is only possible to stretch extrusions having 
an area less than about 18 sq. in., so all larger sections 
will be improved by the availability of the new stretcher 
that will handle up to fully 60 sq.in. 

Fig. 13 shows the preparations required for installa- 
tion of the new stretcher. The capacity of this unit 
is 3,000,000 lbs., which means that an enormous resist- 
ing structure must be built not only to accommodate 
the static load of stretching but, more important, to 
withstand the tremendous impact load when an extru- 
sion breaks during stretching. 


LARGE FORGINGS 


During the years since World War II, a trend that 
started early in the war has built up more and more 
urgency. 
in favor of large single parts having greater structural 
efficiency, saving weight, space, and usually expense. 
Large aluminum forgings have been used fora fewof these 
applications, but there have been many cases in which 


Complicated assemblies are being eliminated 


forging capacity was not great enough to accommodate 
the dimensions or the details required for the design. 
There has been only one large press available, so it has 
been necessary to screen tentative designs and eliminate 
many, which were quite desirable from the structural 
standpoint, because of limited capacity. 

With the recent addition of a large forging press to 
Alcoa’s facilities, some of the burden has been removed 
from the original large press. This makes it possible to 
continue at least partial production in the event of 
breakdown on one press and greatly increases the capac- 
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HOW STRETCHING WORKS 

Fic. 12. Plot of theoretical stress-strain curves in homogene- 
ous cross section containing residual stresses as shown. Stress 
relief is achieved by stretching. 
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Fic. 13. Excavation and the surface of the foundation 
structure required for new 3,000,000-lb. shape stretcher being in- 
stalled at Alcoa’s Lafayette, Ind., Works. 


Fic. 14. 


New 15,000-ton hydraulic forging press in Alcoa’s 
Cleveland, Ohio, Works. 


ity under normal conditions. Both of these presses 
are Government-owned, operated by private enterprise. 
The earlier press has a capacity of 18,000 tons and is 
operated by Wyman-Gordon Company at Worcester, 
Mass. The press operated by Alcoa has a capacity 
of 15,000 tons and is located at Cleveland, Ohio. Fig. 
14 shows a view of the later press and gives some idea of 
its size. 

The die table on this press will accommodate a 
forging of about 5 by 18 ft., although there are few 
parts that could be forged with a plan form of this great 
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Fic. 15. 
part required little machining and is well designed from forging 


Large die forging made on 15,000-ton press Phis 


standpoint. Left to right: 
blocking operations; 


Finished forging; two intermed 


forging stock. 


late 


area. It is necessary to exert forces on the order of 
50,000 to 75,000 Ibs. per sq.in. in making forgings, so 
it is apparent that an area of 4 to 5 sq.ft. would require 
about full capacity of the press. 

Many design details increase the pressure require- 
ments; such details are discussed in an article entitled 
“Aluminum Die Forging Design’’ by A. E. Favre and 
A. J. Orazem, published in Product Engineering maga- 
zine in three parts, August and September, 1950, and 
January, 1951. In addition, the above article covers 
some economic factors, tolerances, forging defects, 

The largest die forging produced by Alcoa to date is 
the truss-type member shown in Fig. 15. This part is a 
good combination of forging and structural design. 
It has no details that would make it marginal in the 
forging operation, and only about 15 per cent of the 
as-forged weight is removed by machining before final 
use. 

In designing a forging it is usually necessary to have 
accurate mechanical properties for many locations in 
the part, in addition to the “longitudinal’’ properties 
quoted in ANC-5. Upon request, Alcoa will consult 
with the designer and advise him of such properties 
during the design stages. Tests to substantiate such 
values will be made by surveying one or more actual 
parts after forging if desired. It has long been the ac 
cepted practice for the designer and the forging engineer 
to cooperate extensively in working out the details of 
forgings to the best advantage of both. With the 
advent of new large equipment and larger forgings, 
this practice becomes more important if the best utiliza 
tion is to be made of the equipment. 

Plans are now under way for the construction of a 
series of forging presses having capacities up to 50,000 
tons. Such presses will be capable of producing p 
many times larger than heretofore available. 

One of the important considerations in their us« 
will be whether designs should be aimed at the goal 
of total refinement in an effort to eliminate the m 
mum amount of machining or whether to increase the 
size of forgings in an effort to improve integration ol 
components. 


irts 


iX1 


The former approach seriously limits 
the total size and involves tooling difficulties in return 
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for its obvious advantage 


finishing by the user. The latter case can be expensive 


of requiring minimum 


from the machining standpoint, although its ultimate 


possible structural efficiency appears to be greater. 


In connection with ultralarge die forgings, there is 


always the consideration of prototype parts that must | 


be cut from hand-forged blocks. The size of a given 


die forging may thus be limited by the size of hand | 


forging available. One solution to this problem is the 
use of semiforged parts that can be made to simulate 
the “‘envelope”’ of the part more closely than a conven- 
tional block or biscuit. The time, expense, and extent 
of working on such a shape are intermediate between 
those of die and hand forgings. 

If this expedient does not suffice, it may be necessary 
either to reduce the size of the die forging or to eliminate 
extremities that cause the envelope dimensions to be 
excessive. 

One of the steps in forging production that promises 
to be an increasingly serious problem is die-sinking. 
Equipment size, feeds, and speeds must be iiicreased, 
and more machines will probably have to be obtained 
if die-sinking time is to be held to a reasonable percent- 
age of the total production time. 

Large plan-dimensions tend to complicate the toler- 
ance problem because of tolerances on the die model, 
the die-sinking, and variations in the temperature of 
the die and of the stock. The machining allowances 
required can become burdensome and in some cases 
might even justify a fundamental change in the design. 

A thorough consideration of the above and other 
related problems leads to the conclusion that forging 
designs to be produced on the future large presses 
should be initiated as soon as possible. Based on the 
present state of development, there will be 2 to 3 years 
required from the initial proposal stage to the delivery 
of a typical forging produced on the new presses, and 
the present rough estimates of when the large presses 
will be in actual production exceed this span only 
slightly, if any. 


ROLLED SHAPES AND FORGING STOCK 


For several years, Alcoa has been producing large 
rolled shapes for use as spar caps by one of the major 
aircraft manufacturers. The reason these parts have 
been rolled rather than extruded is that the weight per 
piece can be considerably greater in the rolled shape, 
its limit being roughly 2,000 Ibs., compared with about 
600 Ibs. for the extrusion maximum. 

Although the new extrusion press will be able to pro- 
duce parts up to about 2,300 lIbs., it is also possible 
that the rolled-shape limit will be increased substan- 
tially in the future, so it may again have a weight advan- 
tage. It should be pointed out that such an advantage 
must be substantial to enable a rolled shape to compete 
with an extrusion, because the rolled section requires 
greater tolerances and much larger radii and _ fillets. 
Even so, developments seem to presage rolled shapes 
big enough to compete with the largest extrusions. 
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Forging stock, which is mainly rolled rounds and 
squares, is the biggest item of rolled stock ultimately 
used by the aircraft industry. This material is used 
in both hand and die forgings. 

Recently, it has been established that large forging 
stock can be improved by doing the first work on the 
ingots by pressing rather than rolling. In order to 
facilitate this procedure, a new 3,000-ton forging press 
has been installed at Aleoa’s Massena, N. Y., Works. 
Fabricating and metallurgical studies have made this 
step expedient, and it is anticipated that the improved 
flexibility possible with combined equipment will bene- 
fit both rolled and forged products, especially in the 
larger sizes of high-strength alloys. 


RIBBED SHEETS 


Efforts to make ribbed sheet have emphasized the 
relative difficulty of working high-strength alloys as 


AIR-FRAME 


CONSTRUCTION 35 
compared to the softer “common” alloys. Extreme 
distortion of the sheet and roll pressures high enough to 
coin even the roll surface are examples of such diffi- 
culties. 

This product has an obvious advantage for many 
air-frame uses because of its high stiffness-to-weight 
The attendant interest in it has prompted 
considerable development work. though 35 
alloy ribbed sheet was produced commercially as long 
as 15 years ago, no success was achieved in rolling high- 
strength alloys in this form until recently. 


ratio. 
Even 


A new technique has been promising in recent experi- 
ments on narrow widths. Samples were made in 75S 
in which the web was rolled down to about 0.026 in. 
The ribs were */3. in. high spaced on 1-in. centers. 
Such material is not yet available, but it is anticipated 
that future developments will enable its production in a 
usable width sometime in the near future. 


Member Nonmember 
No. Price Price 
FF-7 Natural Flight and Related Aeronautics 
James L. G. Fitz Patrick. $2.65 $3.50 
FF-6 Wetted Length and Center of Pressure of Vee- 
Step Planing Surfaces—Experimental Towing 
Tank, Stevens Institute of Technology. $1.20 $1.60 
FF-5 Symposium on Standardization in Technical 
Information Services for Government Con- 
tractors. $1.00 $1.00 
FF-4 Finite Deflections of Curved Sandwich Plates 
and Sandwich Cylinders—F. K. Teichmann 
and Chi-Teh Wang. $0.50 $0.85 
FF-3 The Penetration of a Fluid Surface by a 
Wedge—Experimental Towing Tank, Stevens 
Institute of Technology. $1.20 $1.60 
FF-2 A Study of the Flow, Pressures, and Loads 
Pertaining to Prismatic Vee-Planing Sur- 
faces—Experimental Towing Tank, Stevens 
Institute of Technology. $1.20 $1.60 
AHS-1 Helicopter Flight Research at NACA, 
Langley—Jack P. Reeder $0.35 $0.75 
286 Linearized Treatment of Supersonic Flow 
hrough Axi-Symmetric Ducts with Pre- 
scribed Wall Contours—Charles E. Mack, 
Jr., and Ignace |. Kolodner. $0.75 $1.25 
244 Wetted Area and Center of Pressure of Planing 
Surfaces—Experimental Towing Tank, Ste- 
vens Institute of Technology. $0.75 $1.00 
229 Wave Profile of a Vee-Planing Surface, Includ- 
ing Test Data_on a 30° Deadrise Surface— 
Experimental Towing Tank, Stevens Institute 
of Technology. $1.20 $1.60 
170 Wave Contours in the Wake of a 10° Deadrise 
Planing Surface—Experimental Towing Tank, 
Stevens Institute of Technology. $1.20 $1.60 
169 The Discontinuous Fluid Flow Past an Immersed 
edge—Experimental Towing Tank, Stevens 
Institute of Technology. $0.75 $1.00 


Sherman M. Fairchild Publication Fund Papers 


Papers should be ordered by number from: 
Publications Department, Institute of the Aeronautical Sciences, Inc. 
2 East 64th Street, New York 21, N.Y. 


RA 
°. Price Price 
168 Wave Contours in the Wake of a 20° Deadrise 
Planing Surface—Experimental Towing Tank, 
Stevens Institute of Technology. $1.20 $1.60 
167 On the Pressure Distribution for a Wedge 
Penetrating a Fluid Surface—Experimental 
Towing Tank, Stevens Institute of Tech- 
nology. $0.75 $1.00 
166 An Analysis of the Fluid Flow in the Spray 
Root and ake Regions of Flat Planing 
Surfaces—Experimental Towing Tank, Ste- 
vens Institute of Technology. $1.20 $1.60 
165 Theory and Practice of Sandwich Construction 
in Aircraft (A Symposium). $1.85 $2.50 
164 Applications of the Theory of Free Molecule 
Flow to Aeronautics—Holt Ashley. $1.15 $1.50 
106 Measurement of Ambient Air Temperature in 
Flight—W. Lavern Howland. $0.35 $0.50 
105 An Evaluation of the Importance of Fatigue 
Phenomena in Aircraft—C. R. Strang, L. R. 
Jackson, L. F. McBrearty, R. V. Rhode, and 
R. L. Schleicher. $0.80 $1.10 
104 Tensor Analysis of Aircraft Structural Vibra- 
tion—Charles E. Mack, Jr. $1.85 $2.50 
102 Electrical Resistance Strain Gages Applied to 
Wind-Tunnel Balances—Elmer C. Lundquist. $0.60 $0.80 
101 Introduction to Shock Wave Theory—J. G. 
Coffin. $2.65 $3.50 
100 Blade Pitching Moments of a Two-Bladed 
Rotor—R. W. Allen. $0.75 $1.00 
126 External Sound Levels of Aircraft—R. L. Field, 
T. M. Edwards, Pell Kangas, and G. L. 
Pigman. $0.75 $1.00 


Cachpit Design and Safety 


WILLIAM I. STIEGLITZ* 
Republic Aviation Corporation 


INTRODUCTION 


pilot 


 pencanagenag ANALYSES OF ACCIDENTS indicate 
however, a 


error to be the commonest cause; 
careful study of such statistics reveals a wide variety of 
types of error. Some of these are basic errors in judg- 
ment or in flying technique, but the great majority 
involves mistakes in cockpit procedure or in the use of 
controls, or misinterpretation of instrument readings or 
warning signals. In 
ately preceding the 
error, but frequently careful analysis reveals that an 
-arlier error had been made in design, making the pilot's 


such cases, it is true that immedi 
accident the pilot committed an 


error highly probable under some given set of conditions. 
It is the purpose of this paper to analyze such accident 
be 


potential and to indicate means by which it can 


reduced. 


THE MAN-MACHINE RELATIONSHIP 


The increased size, speed, altitude, and range of the 
modern airplane have resulted in a continually in 
creasing complexity of instrumentation and cockpit 
controls. Only one element in the cockpit remains 
unchanged and unchangeable— the pilot. 

The man who is flying the airplane of 
and who will be flying the airplane of tomorrow, is 
fundamentally the same as the man who, a few y« 


today, 


irs 
ago, was flying a 100-in.p.h. stick and throttle airplane. 
His attitudes have changed; he is more willing to face 


complex situations involved in operating mechanical 
devices. He is, however, subject to the same basic 
limitations. His mental and physical reactions are 
fundamentally the same, and his reaction time is un 
changed. 

The result of this combination of the unchanging 
man and the increasingly complex machine has been 
that at times the demands placed upon the man have 
exceeded basic human limitations, and accidents have 
occurred. Many such 


accidents can be 


This can be achieved only by design that gives full 


consideration to both the abilities and the limitations 
of the pilot. 


prevented 


Environmental conditions and operating require 
ments are considered throughout the design ot 
airplane, not only as affects the aerodynamic charac 
teristics and structural loads but also with regard to 


the 
installation of equipment. In many cases, equipment 
Presented at the Design Session, Annual Summer Meeting 
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is not available which will operate under the environ- 
mental conditions of the airplane; in such cases, the 


engineer modifies the local environment to meet the | 


requirements of the equipment. 
has already been applied to some extent to the pilot’s 
physical environment; cabin air conditioning and pres- 
surization, and proper seating, are a few examples. 
Physical limitations are only one part of the human 
factor: it is necessary that similar consideration be 
given to the pilot’s psychological patterns. 

Knowledge of these patterns, of the basic nature of 
man, is therefore essential. Fortunately there is much 
pertinent information available as a result of research 
in the field of Human Engineering, which has been de- 
fined by Beals as “the application of psychology, 
physiology, medicine, anthropology, and engineering 
to the Man-Machine relationship—or in this instance 
the Aviator-Airplane combination, primarily.’’! 

We have not in the past made full use of the data 
derived from research in this field. Many costly errors 
could have been avoided had we done so. We must, in 
future design, make full use of the data already avail- 
able and of that which will result from continuing re- 
search. 


THE PROBLEM 


Any engineering problem must be defined before it 
can be solved. In this case, definition of the problem 
requires an examination of the ways in which the in- 
creasing complexity of the airplane has affected the 
unchanged pilot. Basically, these can be put under 
three main headings. 

First, the airplane has greater speed, range, and 
endurance and flies at higher altitudes. Further, higher 
wing loading has resulted in larger maneuvering radii. 
As a result of these factors the pilot has less time to 
make decisions, and must be more accurate because of 
the decreased margin for error; if a mistake is made, 
there is little time to correct it. In addition, high- 
altitude, high-speed flight is resulting in new naviga- 
tional problems, which are being further complicated 
by the advent of in-flight refueling, with its associated 
requirement for pinpoint rendezvous. 

Second, the improved performance described above 
and more complex functional systems have resulted in 
a greatly increased amount of instrumentation, in- 
cluding not only flight and engine instruments but 
warning signals and electronic equipment. Thus the 
pilot is being provided with more information, from 
more sources. All of this information must be recog- 
nized, analyzed, and correlated. 
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Third, the number of controls in the cockpit has 
increased correspondingly. Frequently a complex 
sequence of control manipulation is necessary. Test 
data have shown that human reaction time definitely 
increases with the number of stimuli and the complexity 
of the discrimination to be made.” Therefore both the 
increased amount of instrumentation and the greater 
number of controls tend to increase the time required 
for the pilot to assess a situation and take the necessary 
action. Thus, the combined result has been that 
greater precision is demanded of the pilot, less time is 
available to him in which to act, and yet he requires 
more time than previously. 


Du Bois has pointed out that ‘“‘when a pilot has been 
properly trained in flight, the instruments become part 
of a new sensory external nervous system, and the 
controls merely an extension of his motor system.’’® 
This appears to the writer to be more a statement of the 
goal to which we must work than of the situation as it 
exists today. 


INSTRUMENT DISPLAYS 


As applied to the problem of instrumentation, achiev- 
ing this goal requires that information be presented to 
the pilot in a readily understandable form which does 
not require conscious interpretation. The inadequacy 
of present instrument display is well demonstrated by 
the fact that it requires approximately the same length 
of time to train pilot personnel in instrument flying as 
it does to train nonflight personnel.‘ 

This demonstrates that proficiency in visual flight 
is of little value in instrument flight, in that the latter 
requires learning an entirely new system. Obviously, 
if the instrument display provided cues more like those 
of visual flight, not only would training be facilitated, 
but transition from visual to instrument flight condi- 
tions would be considerably simpler, and instrument 
flight would be less fatiguing than it now is. 

The ultimate solution to such problems must come 
not only from design and improvement of individual 
instruments but from the development of an integrated 
instrumentation system. no need here to 
dwell at length on this approach, since it has been pre- 
sented by Beals.‘ 


There is 
Certainly, as Beals has pointed out, 
this is a problem that will require the combined efforts 
of psychologists, engineers, pilots, and flight surgeons 
and cannot be left solely to instrument specialists. 

Development of such a system will require time. 
Meanwhile, there are other phases of the instrumenta- 
tion problem toward the solution of which immediate 
steps can be taken. One is the elimination of the 
indiscriminate mixing of fly-to and fly-from indications, 
which require the pilot repeatedly to shift his frame of 
reference from the airplane to the ground and back 
again. Another is the improvement of the displays 
of those present types of instruments already proved to 
be unsatisfactory. 

An example of this is the multiple-pointer instru- 
ment, such as the current standard altimeter. A 


of 


A. STANDARD 


PERCENT ERRORS OF 
1000 FT. OR MORE 


B. EXPERIMENTAL 
LLL 


STANDARD - 11.7% 
EXPERIMENTAL - 0.7% 


INTERPRETATION TIME ed STANDARD - 7.1 SEC. 
IN SECONDS EXPERIMENTAL - 1.7 SEC. 
Fic. 1. Comparative speed and accuracy in reading a standard 


and an experimental altimeter.® 


survey made by Fitts and Jones of actual cases of mis- 
reading of instruments showed that 40 of a total of 270 
incidents, or approximately 12 per cent, involved multi- 
ple-pointer instruments.’ Subsequent tests, using Air 
Force pilots as subjects, revealed that the standard 
altimeter was misread by 1,000 ft. or more in 11.7 
per cent of the cases and required an average interpreta- 
tion time of 7.1 sec. Out of twelve altimeter readings 
presented to each of the pilots, one setting was misread 
by 68, and another by 51, of the 97 subjects.*” 

In contrast, an experimental-type instrument, with a 
single pointer and the thousands of feet shown on a 
Veeder-type counter, was misread in only 0.7 per cent 
of the cases, with a mean interpretation time of 1.7 sec. 
A comparison of the standard and experimental instru- 
ments is shown in Fig. 1. 


INSTRUMENT ARRANGEMENT 


Another aspect of the instrumentation problem is 
instrument arrangement. At long last, definite steps 
have been taken by the Armed Services and by the 
aviation industry to develop a standard grouping of 
the basic flight instruments. For several years, many 
air lines, the Air Force, and the Navy have had in- 
dividual standard arrangements, but few, if any, of 
these standards have been the same. The use of air- 
line equipment by the military in time of emergency . 
and the increasing interchange of equipment among 
air lines emphasize the importance of the development 
of a single common standard. 

The very fact that so many different standards have 
been in use, with comparable safety, would indicate that 
as long as a well-planned arrangement is used the exact 
grouping is of less importance than the existence of a 
standard arrangement, so that the same instrument is 
always in the same location. It is desirable that the 
arrangement be such that the 


monly used are most easily 


instruments most com- 
the most 
frequent eye movements are as short as possible. 

A series of tests being conducted by the Air Force 
on pilot eye fixations during instrument flight*~'’ 
provides a sound basis for arriving at such a grouping. 


seen, and 
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Most of these tests have been conducted using the 
current standard Air Force panel, but a comparison 
during ILS approach was made with an experimental 
arrangement. As might be expected, the change in 
arrangement had little influence on the frequency with 
which the pilot referred to the various instruments, or 
the length of the individual eye fixations: it did have a 
major influence on the sequence of instrument readings. 
Also, as would be expected, the tests indicate that what 
might be the optimum arrangement for one flight 
condition is not necessarily the optimum for others, 
since both the relative importance of instruments and 
the sequence of eye movements change. 

Within the past few months, an industry group has 
arrived at a recommended standard instrument panel 
for commercial transport aircraft. Also, agreement 
has been reached between the Air Force and the Navy 
on a common 
between 


Certain differences exist 
the arrangement adopted by the Armed 
Services and that recommended by the industry group. 
It is to be hoped that such differences will be resolved 


in the near future. 


standard. 


CONTROLS—AND ACCIDENTS 


The other major phase of the cockpit design problem 
concerns controls. Referring again to the Human 
Engineering concept, the controls should serve as an 
extension of the pilot’s motor system. This requires 
that control motion be completely natural for the pilot 
so that his only decision need be what effect he wishes to 
produce, without the need for conscious determination 
of which control to move, where it is, and in what 
direction to move it. Selection of the proper control is 
a matter of pilot training: control location, identifica- 
tion, and direction of motion are a matter of design. 
To what extent past design has been inadequate can 
best be seen by reference to the record. 

In an analysis of 460 actual pilot errors in the opera 
tion of controls, Fitts and Jones'‘ found that the errors 


were of six basic types. These types and the fre 
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SUBSTITUTION 50% 
ADJUSTMENT 18% 
FORGETTING 18% 
REVERSAL 6% 
UNINTENTIONAL 5% 
ACTIVATION 
UNABLE TO 
REACH 3% 
10 20 30 40 50 
% OF ERRORS 
Fic. 2. Types and frequency distribution of “pilot errors’’ in 


the use of controls.!* 
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quency distribution are shown in Fig. 2. The following 
description is quoted directly from the Fitts and Jones 
report: 


“Substitution errors, in which the wrong control was | 
operated, constituted exactly 50 per cent of all the error 
descriptions collected. The most common sub-types of | 
errors under this general category were confusion of 
throttle quadrant controls (19 per cent), confusion of 
flap and wheel controls (16 per cent), and using the 
wrong engine control or feathering button (S per cent). 

“Adjustment errors and Forgetting errors each ac- 
counted for an additional 18 per cent of all errors. 

“Three additional categories, Reversal errors, Un- 
intentional Activation, and Unable to Reach accounted for | 
the remaining 14 per cent of error reports.” 

The authors of the report point out that the frequen- 
cies with which the different types of error were de- | 
scribed in the survey do not represent the precise fre- 
quency with which each type of error occurs. Further, 
this survey was conducted among military pilots, and 
a further variation in frequency distribution might be 
found if a similar survey were made of air-line pilots. 
Nevertheless, it appears that the types of errors would | 
be the same and that the general relative frequency | 
would not vary much. 

In order to illustrate the sources of such errors, ex- | 
amples of various types of errors are cited below. 
These examples are not limited to those from the Fitts 
and Jones study. 


Substitution Errors 


The pilot of a twin-engined aircraft, observing smoke 
from the left engine, feathered the propeller and shut 
down the engine. Immediately thereafter, power 
failed on the right engine and a crash landing resulted. 
In the investigation, it was found that in shutting down | 
the left engine the pilot had turned off the fuel to the 
right engine instead of the left. In this airplane, all 
engine controls except the shut-off valves were installed 
in front of the pilot, and so arranged that the 
controls for the left engine were on the pilot's left, and 
those for the right engine on the pilot’s right. The 


fuel shut-off valves, however, were installed along the 
left side of the cockpit, and so arranged that as the 
pilot faced them the fuel shut-off for the right engine was 
toward the pilot’s left. 

One of the commonest types of substitution errors 
has been confusion between flap and landing-gear con- 
trols. An example of this occurred following the 
landing of a transport aircraft at the end of a trans- 
oceanic flight. As the aircraft was taxiing in, the pilot 
signaled to the copilot to pull the flaps up. The co- 
pilot, who was on his first trip in this model airplane 
after extensive experience in a different model, reached 
over and pulled up the landing-gear control, which was 
in the same position as the flap control had been in the 
airplane with which he was familiar. 

The frequency with which this particular error has 
been a factor in accidents is also shown by Air Force 
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statistics for the 22 months from January, 1943, to 
November, 1944. During this time, confusion between 
flap and landing-gear controls was a cause factor in 
457 accidents, of which 184 occurred in fighters, bomb- 


ers, and transports. !° 


Adjustment Errors 


The most frequent types of adjustment errors oc- 
curred in the use of fuel selectors, with the switch either 
being turned to an empty tank or being left in an in- 
termediate position. Failure to obtain desired flap 
settings and improper trim adjustment are also common 
types. The effect of such errors is so readily apparent 
that there seems little need to cite specific examples. 


Forgetting Errors 


A casual study might incline one to assume that the 
pilot’s forgetting to operate controls would be primarily 
a matter of pilot training, and not of design. However, 
frequently such errors are the result of either the pilot’s 
having too many duties to perform at a given time, or of 
unnecessarily complex procedures. One example oc- 
curred in a twin-engined transport in which the pilot 
in switching fuel tanks fed both engines from a single 
tank on cross feed, but then failed to turn off the nearly 
empty tank from which he had been drawing. Air 
sucked from this tank caused power failure of both 
engines and a forced landing. Simplification of fuel 
system controls or automatic fuel sequencing would 
have rendered such an error impossible. 


Inadvertent Activation 


As the pilot of a fighter aircraft retracted the landing 
gear after take-off, total power failure occurred, and the 
aircraft was landed wheels-up off the end of the runway. 
It was found that as the pilot retracted the landing 
gear, the main fuel shut-off, which was actuated by a 
toggle switch directly below the landing-gear handle, 
had been flipped into “‘off’’ position by the pilot's glove. 


Reversal Errors 


During landing approach, the pilot of a four-engined 
aircraft signaled to the flight engineer for full-rich 
mixture. Immediate occurred on all 
engines, and the airplane crashed short of the airport. 
In this particular type, the mixture controls moved 
forward for idle cutoff, whereas on all other types with 
which the flight engineer was familiar, the forward 
position of the control was for full-rich mixture. 


power failure 


CONTROL LOCATION AND CODING 


The foregoing review of control errors suggests 


several types of possible corrective action. One would 
appear to be adequate separation of controls. Tests 
conducted by Air Materiel Command, and discussed and 
analyzed by Chapanis,'® show that human accuracy in 
reaching for a fixed point is comparatively poor. The 


smallest mean error was in reaching for a target directly 
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in front of the subject at shoulder level, and in this 
With the target 
above or below shoulder level, slightly behind the sub- 
ject and to the side, the error was approximately 4 in. 


case the error was approximately 2 in. 


Chapanis points out that an average error will only 
cover 50 per cent of the cases, and that to be sure of 
covering all possible errors requires a multiplying factor 
of from three to four. Thus, in order to eliminate the 
possibility of control error by means of physical separa- 
tion, spacing of from 6 to 8 in. would be required for 
those controls directly ahead of the pilot, and double 
this amount for those on side panels. Such spacing is 
other 
measures must be taken to eliminate control confusion. 


impossible in an airplane cockpit. Therefore 

There are two effective and practical means of 
accomplishing this: shape coding of critical knobs to 
permit tactual discrimination, and standardization of 
location of controls. By the latter is meant not rigid 
dimensional standardization but rather that a given 
control always be in the same area and that controls 
be in the same position relative to each other. 

In tests using typical throttle quadrant controls, 
Weitz definitely demonstrated the value of both of 
these measures. From one group of tests, in which 
that 
“maintaining position of controls is of primary im- 
portance, yet if the position is changed and the shape 
of the handle remains constant, little loss in perform- 
ance is encountered. 


visual cues were present,” Weitz concluded 


The most efficient procedure is 
to maintain both position and shape constant.” 

In other tests, in which visual cues were eliminated, 
coded knob shapes still provided a definite improvement 
in performance. Thus, even where spacing is com- 
pletely inadequate to afford discrimination, fixed rela- 
tive position is of definite benefit under conditions per- 
mitting visual reference. On the other hand, in a 
darkened cockpit shape coding is essential, and is of 
benefit at all times. 

If coded knob shapes are to be of maximum value, 
they must be such as to be recognized immediately 
through the sense of touch alone. Tests conducted by 
the Air Forces resulted in a group of knob shapes 
meeting this requirement.'*~*! These, however, were 
arbitrary shapes, requiring that the pilot memorize 
which shape applied to which control. Thus while 
these shapes provide positive tactual discrimination, 
they furnish no associative cues. Such cues can readily 
be provided by shaping the knob to correspond to the 
unit being actuated, as, for example, a miniature wheel 
for the landing gear control and an airfoil section for the 
flap control. The Armed Services have adopted stand- 
ard knob shapes for critical controls on this basis, 
using the arbitrary shapes resulting from the tests for 
controls, such as fuel mixture, for which there is no 
simple associative form. 

Definite progress toward standardization of cockpit 
arrangement has been made. Standard control loca- 
tions for single-place cockpits were established by the 
Armed Services a few years ago. Within the last few 
months, an industry committee and the Munitions 
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Board Cockpit Layout Panel have come to complete 
agreement on similar standards for multiplace cockpits 
for military and commercial aircraft. 
ment on knob shapes is also needed. 


Such joint agree- 


One other factor to be considered in control location 
is related to the pilot’s physiological rather than his 
psychological characteristics. One type of error noted 
above from the Fitts and Jones survey was labeled 
“Unable to Reach.’ Such “pilot errors’’ can be pre 
vented by design that utilizes anthropometric data. 
On the basis of reach measurements, King has tabulated 
the maximum distances at which a large majority of 
pilots would be able to reach and operate manual 
controls.?” Failure to consider such measurements is 
well illustrated by one multiengined aircraft, in which 
it was found that many controls were located as much 
as 15 in. beyond the fingertip reach of 50 per cent of the 
pilots. In this airplane only the side control panel was 
within normal reach. 


CoNTROL MOTION 


Control motion is just as important as control 
location and identification in eliminating pilot diffi- 
culties. Here the requirement is that control motions 
be natural and conform to basic habit patterns. The 
selection of natural motions is largely a matter of 
common sense. The first rule for naturalness in control 
motion is that the control move in the same direction 
and sense as the unit being actuated. For example, 
if a landing-gear control moves down to extend the 
landing gear there will be no confusion. If, on the 
other hand, the control were to move up to put the 
landing gear down, frequent errors could be expected. 
Also, were the control to move sideward, complete 
ainbiguity of response could be expected, since there 
would be nothing to cue the pilot as to proper direction 
of motion. 


In the case of controls for which there is no such 
direct association, psychological data afford a sound 
basis for determining what is natural. In designing 
such controls, the habit patterns of everyday life must 
be considered and utilized. 

A simple example of such a habit pattern is in the 
use of rotary controls. Everyone uses switches of this 
type every day; volume controls on radios and gas 
valves on cooking ranges are typical examples. All 
these controls are designed so that clockwise.rotation 
produces increased output—that is, the volume control 
on a radio turns clockwise to increase volume, etc. 
If this sense of motion is maintained in the cockpit, 
the carry-over of this habit pattern will assist in prompt- 
ing correct actuation. On the other hand, if cockpit , 
controls are designed so that clockwise rotation pro- 
duces decreased performance, a definite conflict with 
previously established habit patterns will exist. Train- 
ing will not eliminate this conflict because of the re- 
version to the previous pattern whenever the pilot is 
not flying. To design a rotary switch for an airplane 
so that clockwise rotation reduces output is to invite 
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pilot error. This is particularly true in an emergency, 
since under conditions of stress there is a strong tend- 
ency to revert to old habits. 


Another aspect of the problem of rotary controls is 
their use to position visual indicators. This is a special 
case of the previously cited rule of controls moving in 
the direction and sense of the unit being actuated. 
Tests have shown that when such a knob is used to 
position a linear indicator there is complete ambiguity 
of response if the knob and indicator are in different 
planes. However, when the knob is mounted in the 
same plane as the indicator there is a highly con- 
sistent response pattern. From 70 to 95 per cent of the 
subjects tested turned the side of the knob adjacent to 
the indicator in the direction of the desired indicator 
motion. By projection, it can be seen that the opera- 
tor in effect turned the knob clockwise to produce a 
clockwise indicator motion. 


This same ‘‘clockwise-clockwise’’ tendency has been 
found in the use of a knob to position a semicircular 
indicator.*4 Here, however, it was found that some 
arrangements of knob and indicator evoked much more 
consistent response than others. With one arrange- 
ment, the number of test subjects supporting the 
clockwise-clockwise hypothesis was less than would be 
expected by chance. Apparently, the effect of certain 
arrangements is such that the presentation destroys 
the cues as to sense of motion. Thus in order to be 
sure that control motions are natural, consideration 
must also be given to the interpretation that will be 
put on the presentation. Here common sense is not 


enough, and psychological test data must be utilized. 


EVALUATION OF WORK LOADS 


In the foregoing sections of this paper problems 
of instrumentation and control have been considered, 
and it has been shown how specific measures can reduce 
pilot-error potential. These, while important, cover 
only one part of the problem. Most important is the 
overall design approach of considering the pilot and 
his capacities. Even though all of the measures dis- 
cussed were to be utilized fully, the demands placed 
upon the pilot could still exceed human limitations, 
particularly with regard to the number of duties .in- 
volved and the speed with which they must be per- 
formed. 


In analyzing this problem, the use of time-motion 
studies is of value. Such studies were made on a 
multiengined aircraft that in the initial phases of 
operation had an extremely high incidence of landing 
accidents due to crew error. 
that from the time 


These studies revealed 
the aircraft entered the traffic 
pattern until it touched down, the copilot was required 
to make 116 distinct motions in 305 sec., an average of 
one every 2.6 sec. 
required rate of movements was one every 1.8 sec.” 


Under normal conditions, a man can carry out such a} 


routine with comparative ease. 


During one period of 90 sec., the | 
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COCKPIT DESIGN 


under stress in an emergency, or is suffering from 
fatigue, an error becomes highly probable., 

In evaluating crew ability to carry work load, average 
performance levels cannot be assumed. Full con- 
sideration must be given to day-to-day variability in 
performance, and to the added effect of factors such as 
fatigue in producing a definite deterioration in these 
levels. 


REDUCTION OF WORK LOADS 


Crew work loads can often be reduced by simplifica- 
tion of controls for functional systems. Although a dis- 
cussion of the design of such systems is beyond the 
scope of this paper, it should be pointed out that the 
pilot must be considered in the original design concept, 
in order to avoid undue complexity in the controls. 


When analysis of crew work load shows it to be ap- 
proaching the limit of human capacity, despite all 
possible measures in control simplification, other steps 
must be taken to relieve the load. If transfer of duties 
to another crew member is not possible, the airplane 
must take over the function by means of automatic 
control. This, of course, implies increased complexity 
in the machine. However, the basic goal is a man- 
machine combination that can operate with maximum 
overall efficiency. While design simplification is highly 
desirable for reasons of cost, weight, and maintenance, 
it cannot be achieved at the expense of overloading the 
human element. If it is acquired in this way, the cost 
of resulting accidents may far overbalance the saving 
achieved by the simplification. 


EMERGENCY CONTROLS 


In no phase of cockpit design is full consideration of 
the human factor so important as in the design of emer- 
gency controls. When an emergency arises, the time 
available for the pilot to take the necessary action is 
extremely short. Emergency procedures, therefore, 
must not be complex. Controls must be easily identi- 
fiable and readily accessible: and 
sequence of operation should be as simple as possible. 
It is imperative that all control motions be completely 
consonant with normal habit patterns, since, as has 
been established, a person tends to revert to old habits 


under conditions of stress. 


control motion 


Too frequently design engineers have the attitude 
that it not are 
complicated or difficult to reach, since they may never 


does matter if emergency controls 


be used in the life of the airplane. Far too many in- 
cidents have become accidents because of this philos- 
ophy. 

Funk and Wagnalls’ Dictionary defines an emergency 
as: 

‘““\ sudden or unexpected occurrence or condition 
calling for immediate action; a perplexing and pressing 


| combination of circumstances.” 
such a | 


The designer should at least try not to add to the 
pilot's perplexity. 
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CONCLUSIONS 


Many so-called pilot errors have resulted from 
design that failed to consider basic human limitations. 
In order to eliminate such accident potential a new 
design philosophy is needed. Analysis of the qualities 
of the machine is common engineering practice; yet 
to maintain a sound man-machine relationship, it is also 
necessary to analyze the qualities of the man. Re- 
search in Human Engineering has provided the basis 
for implementing this approach. It remains for the 
designer to make full use of the available data. 
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iquid-Coupled Regenerators for Turboprops' 


By A. L. Louden‘ and W. M. Kays' 
Stanford University 


ABSTRACT 


Because of its better take-off thrust characteristic 
with good fuel economy, the turboprop plant will undo 
be developed to a stage where it will supplant the tur ten 
gine in some degree. This substitution will be noted re pat 
ticularly for low-speed (less than 500 m.p.h.) long-rangi 
than 3,000 miles) aircraft. 

The natural trend of the turboprop development ap 
in the direction of higher pressure ratios because of improy 
cific fuel consumption. It is the purpose of this paper 
out, however, that the low pressure ratio regeneratot 
development should also be seriously considered 

Cycle studies demonstrate that the regenerator-turbop1 sys 
tem can realize a plant fuel economy comparable to that of mo 
reciprocating aircraft power plants, and design studies indicate 
that the regenerator can be of moderate weight Howe\ 
resulting complexity and size of the additional ducting, w! us 
ing a conventional direct-transfer regenerator, destroys th ero 
dynamic advantages of small frontal area. In 
liquid-cou pled 


conti 
indirect-transfer regenerator allows 

through flow system from the compressor intake to th 
as in the simple turboprop system. This results from the use of 
two heat exchangers coupled by a liquid heat-transfet lium 
for transporting the thermal energy from the turbin haust 
gases to the compressor air just prior to the combustio1 
The resulting power plant is aerodynamically clean wit! small 
frontal area, and the components are accessible for servic 

The design studies in this paper indicate that such a reg 
can be constructed for moderate pressure drops and for pe 
cific weight of less that 0.3 lb. per s.hp. Against this, t] d 
vantage of an improvement of 0.10 Ib. per s.hp.-hr. in fuel 
economy can be weighed. 

The ultimate realization of this type of regenerative turbo 
prop plant depends upon the development of a suitable couplit 
liquid. Current work on liquid metals as a heat-transfer 1 
in nuclear power plants holds promise for the future in this r¢ 


spect. 


NOMENCLATURE 
English Letter Symbols 
A = heat-transfer area, sq. ft. 
& = flowstream thermal capacity rate, (1% 
B.t.u./(hr. °F 
= = gas specific heat at constant pressure, 
B.t.u./(Ib. °F 


flow mass velocity, lbs 


G = minimu flow 


(hr. ft.2 of 


cross section 


Presented at the Propulsion Session, Annual Summer M 
1.A.S., Los Angeles, July 16-18, 1952 

* The Office of Naval Research, the U.S.N. Bureau of Ships, 
and the Bureau of Aeronautics are currently sponsoring a heat 
transfer research project on compact surfaces at Stanford Uni 
versity. This paper is based on a technical report, prepared on 
this project.* The 


sponsoring agencies 


authors express their appreciation to the 


+ Professor of Mechanical Engineering 


tT Assistant Professor of Mechanical Engineering 


h unit convective heat-transfer conductance, 
B.t.u./(hr. ft.2 °F.) 

h enthalpy, B.t.u./Ib 

k = thermal conductivity, B.t.u./(hr. ft F./ft 


id = pressure, lbs. per sq.ft. 

P gas-turbine compressor pressure ratio 

r = flow passage hydraulic radius, ft 
entropy, B.t.u./(Ib. °R.) 

1 = temperature, °R 

t temperature, 

l = unit overall heat-transfer couductance, 

3.t.u./(hr. ft.2 °F.) 

V velocity, ft./sec 

specific volume, ft.3/Ib. 

H mass flow rate, Ibs. /hr 


Greek Letter Symbols 


a = heat-transfer area per unit of core volume, ft.?/ft 

6 fin thickness, in. 

A = on ?, denotes inlet minus outlet pressure difference, 
lbs fi 

€ = exchanger effectiveness, the actual heat-transfer 
rate divided by the maximum possible heat- 
transfer rate 

= a functional relationship 

” = overall temperature effectiveness of a fin-type heat- 
transfer surface 

n = (with subscripts other than () efficiency ' 

p = density, lbs. /ft.* 

o ratio of free flow to frontal area 

M = viscosity, Ibs. /(hr. ft.) 


Nondimensional Groupings 


NTI = number of heat-transfer units, (4 U/C | 

NTI NTU./NTU, 

Re = flowstream Reynolds Number based on the hydrau- 
lic diameter 47, and the velocity at the minimum 
flow cross section 


Prandtl Number, (ye, /k 


Subscripts 


a = air side 

( = cold side or cold unit 

( = (on ») compressor 

a = combustion chamber 
gas 

h hot side or hot unit 

] nozzk 

Ls = coupling liquid 

0) overall hot unit plus cold unit 

turbine 

th = overall thermal 

l = inlet conditions 


2 outlet conditions 


INTRODUCTION 


TURBOPROP IS the second major accomplish 


ment in the development of the gas-turbine plant 


as an aircraft prime mover. The turbojet has the 
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advantages of greater simplicity and lower weight, but 
in terms of specific fuel consumption it has relatively 
poor performance. Moreover, the take-off thrust is 
much inferior to a propeller engine, and, consequently, 
either long runways or some form of assist take-off is 
required. These factors make the turboprop an at- 
tractive power plant for the long-range planes of the 
immediate future. 

Since operational turboprop engines may be expected 
shortly, it is worth while to consider future develop- 
mental trends for this system which will result in fur- 
ther gains in fuel economy. The “natural” trend ap- 
pears to be in the direction of higher pressure ratios 
of the order of 20:1 as compared to 7:1 in current 
plants. However, another line of development which 
does not require high pressure ratios, is the regenerator- 
turboprop engine. 

Tubular direct-transfer-type regenerators have been 
built for stationary, 
turbines, but the 


locomotive, and marine gas 
weight of these 
regenerators is prohibitive when considered for ap- 
plication to the aircraft turboprop. Although the 
use of compact heat-transfer surfaces in direct-transfer 
regenerators can result in much lighter and more com- 
pact units,' it is questionable whether this type of re- 
generator will ever be practical for the turboprop appli- 
cation. 


volume and 


The compact heat-transfer surfaces generally 
result in awkward regenerator core shapes, and the 
direct-transfer regenerator will always require that 
the compressed air from the compressor be ducted back 
behind the turbine to meet the exhaust gases or vice 
versa. While this latter point is not necessarily ob- 
jectionable for the stationary or even the locomotive 
and marine plants, it tends to destroy the advantage of 
small frontal area in the turboprop, and to introduce 
serious flow losses due to the fairly sharp bends that 
would be necessary in the ducting. 


A distinct possibility for a practical regenerator for 
the turboprop system is an indirect-transfer rotary-type 
heat exchanger similar in principle to the Ljungstrom 
air preheater, where a rotating drum containing a heat- 
transfer matrix is alternately heated by the exhaust 
gases and cooled by the compressed air entering the 
combustion chambers.” The advantage of this system 
stems from the fact that an extremely compact, large 
heat-transfer area matrix can be easily constructed 
which will not necessarily result in an awkward core 
shape. Further, the periodically reversed flow in the 
matrix will provide a self-cleaning feature. The rotary 
type promises an extremely lightweight regenerator, 
as compared with the possibilities with the direct- 
transfer type, but this system still suffers from the fore- 
mentioned ducting disadvantages that result in a large 
frontal area for the complete plant. 

Another possibility, and the main subject of this 
paper, is an indirect-transfer regenerator consisting of 
separate exhaust gas cooler and compressed air heater 
components coupled by a liquid heat-transfer medium 
the Jliquid-coupled indirect-transfer-type regenerator.* 
The principle involved is not new, and two common ex- 
amples are the engine-block-radiator combination of 
the liquid-cooled automotive engine and the steam- 
boiler-radiator combination used for space heating. 
The Ljungstrom rotary air preheater, previously men- 
tioned, where the drum rotation provides a ‘‘flow”’ of 
solid phase metal as a coupling medium from the hot 
gas to the cold gas sides, is a special case of this same 
general system. 

In reference 4 the liquid-coupled system was con- 
sidered for application to stationary and transportation- 
type prime movers and was shown to be competitive 
with direct-transfer-type regenerators from the point 
of view of core weight and volume. In addition, it 
possesses the following advantages: 
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Application of liquid-coupled regenerator: 
plate-fin Surface Arrangement 6 (Fig. 7). 
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Fic. 2. Liquid-coupled regenerator-turboprop flow diagram. 


\ 
4 
APPROXIMATELY TO 
SCALE FOR P, = 6P, 
> 
ATMOSPHERIC PRESSURE 
< / 
S, BTU/LB °R 
Fic. 3. Process representation for regenerator-turboprop en- 


thalpy-entropy and temperature-entropy planes. 
numbered state designations. ) 


(See Fig. 1 for 


(1) The air and gas flowstream frontal areas may be 
shaped independently of one another. Since there is 
at least a 6:1 disparity in the air and gas side densities, 
the use of compact heat-transfer surfaces results gen 
erally in awkward regenerator core shapes for the di- 
rect-transfer arrangement. 

(2) A considerable simplification of air ducting and 
header construction results because it is not necessary 
to bring the cold air over to the turbine exhaust stack 
and then back to the combustion chambers. 

(3) If extended transfer surfaces are used, as is de 
sirable from the point of view of compactness, it is only 
necessary to have fins on one side of the surface. 

(4) It is possible to use a multiplicity of small units 
that may simplify manufacture, cleaning, and servicing 
and reduce the stress problems arising from thermal 
expansions. 

(5) Closer approach to counterflow characteristics 
can be realized without suffering a penalty in shape. 

It is item (2) that affords the greatest attraction in 
the aircraft turboprop application. Fig. 1 shows an 
example of a liquid-coupled indirect-transfer regener- 
ator incorporated in a turboprop system. The simpli 
fication in the air and gas ducting is apparent as the 
straight-through flow feature of the simple gas turbine 
is maintained and no increase in power-plant frontal 
area results. 
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TABLE 1 
Turboprop Cycle Operating Conditions 


Altitude, 10,000 ft. 
Ambient air state, 
to, 23.3 °F 


Po, 10.10 lbs. per sq.in. 


N.A.C.A. Std. Atmosphere 


Air speed, 400 m.p.h. = 587 ft. per sec. 

Ram and compressor combined efficiency, ». = 0.82 
Combustion efficiency, ne. = 0.97 

Turbine efficiency, m = 0.85 

Nozzle efficiency, nj = 0.95 

Turbine inlet temperature, t; = 1,540°F. 
Regenerator air side pressure drop, (AP/P,)e ~ 2% 
Regenerator gas side pressure drop, (AP/P,), ~ 4% 
Combustion chamber pressure drop, (AP/P;).. = 5% 


Propulsion efficiency of jet, 80-85% (& Propellor Efficiency) 
Regenerator overall effectiveness, € = 0.50 
Fuel, kerosene, = 0.18, LH Vo = 18,400 B.t-u. per Ib 


+ H/C denotes hydrogen: carbon ratio. 


In contrast to the above advantages, the disad- 


vantages of the liquid-coupled indirect-transfer type | 


are: 
(1) The requirement of a “‘good”’ liquid heat-transfer 


medium for coupling the hot and cold exchanger units. | 
(2) A greater total transfer area (by about 5-10 per | 
cent) because of the thermal resistance of the liquid 


sides of both exchangers. 

(3) A somewhat larger and heavier shell structure 
requirement—i.e., two smaller heat exchangers versus 
one larger exchanger. 

(4) The addition of a flow circuit to the gas-turbine 
plant for the circulation of the coupling liquid. 

No satisfactory liquid heat-transfer medium is in 
common use today, although current work with the 
liquid metals holds considerable promise for the future.® 
The requirements for the coupling liquid are as follows: 


(a) low freezing point (less than 40°F.); (b) high boil- 


ing point (above 1,000°F. for moderate pressures); 
(c) low density, low viscosity, and high thermal con- 
ductivity; (d) high heat-transfer coefficient, of the 
order of 2,000 B.t.u./(hr. ft.2 °F.) for moderate flow 
velocities; (e) chemical stability; and (f) 
handling in pumps and piping systems. 


ease of 
Some of the 
alloys of sodium and potassium possess these char- 
acteristics to a high degree, but because of their reac 
tivity with air, special handling techniques must be 
employed. 

It is the purpose of this paper to demonstrate that 
the liquid-coupled indirect-transfer regenerator may 
provide a practical solution to the problem of a regen- 
erator for the aircraft turboprop system, provided that 
a suitable coupling liquid becomes available and that 
manufacturing techniques can be developed for the con- 
struction of heat exchangers for high-temperature serv- 
ice employing compact heat-transfer surfaces. This 
objective will be accomplished by presenting a number 
of designs of regenerators employing various heat- 
transfer surfaces for a typical aircraft turboprop cycle. 
No attempt was made to closely optimize tlie cycle 
with respect to the magnitudes of regenerator effective- 
ness and pressure drop employed relative to the weight 
of the regenerator. These designs should, therefore, 
be considered not as proposals for actual construction 
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TABLE 2 


Summary of Cycle Performancet 


P* =5 
ne 27.0 

(22.0) 
Lbs. fuel/Ib. air 0.01285 


(0.01818) 


39,900 
(34,560) 


W, lbs. air/1,000 s.hp.-hr. 


Specific Fuel Consumption, lbs. per s.hp.-hr 0.513 
(0.628) 
Nozzle Power: 0.218 
Total Power (0.185) 
Jet Velocity, ft. per sec 834 
(823) 
tRegenerator Air Side: 
P,, lbs. per sq.in. 50.50 
364.5 
te, 725.9 
{Regenerator Gas Side: 
P,, lbs. per sq.in 12.64 
h, °F. 1,058.4 
to, °F. 718.8 


TURBOPROPS 45 
P* =6 P* = 7 P* =8 
38:2 29.1 29.1 
(23.5) (24.7) (25.4) 
0.01297 0.01305 0.01306 
(0.01747) (0.01685) (0.01628) 
37,880 36,480 36,400 
(33,610) (33,220) (33,500) 
0.492 0.476 0.476 
(0.588) (0.560) (0.545) 
0.205 0.196 0.197 
(0.170) (0.163) (0.154) 
832 828 832 
(809) (784) (773) 
60.65 70.75 80.8 
413.5 456 .2 495.1 
718.4 712.4 712.0 
12.64 12.64 12.64 
1,000.9 960.3 915.3 
712.4 707.4 707.8 


(Figures in parentheses indicate performance without regeneration ) 


t See Fig. 4 for a graphical presentation of these results 


t See Fig. 2, the flow diagram, for the meaning of the subscripts on the state functions. 


but merely as illustrations of the possibilities inherent 
in the liquid-coupled system. 


CYCLE OPERATING CONDITIONS 


Fig. 2 is a flow diagram of the system under con- 
sideration. The cycle conditions are shown on the usual 
thermodynamic coordinates, Fig. 3. Table 1 gives the 
operating conditions and specifications that have been 
assumed. 
ticular system but are representative of what is typi- 
cal of present-day practice. The air speed of 400 
m.p.h. was chosen, since this is in the speed range gen- 
erally conceded to be best suited to the turboprop ap- 
plication——between optimum speed for the reciprocat- 
ing engine and the turbojet. The altitude of 10,000 ft. 
was chosen arbitrarily and fixed the ambient conditions 
the N.A.C.A. standard 


These do not apply specifically to any par- 


as determined from atmos- 
phere. 

The ram efficiency is considered to be included in the 
assumed compressor efficiency. Additionally, it is speci- 
fied that the exhaust gases be allowed to expand to a 
velocity that will yield a jet propulsion efficiency ap- 
proximately equal to the propeller efficiency. The re- 
sult is a jet velocity of about 825 ft. per sec., attained 
by increasing the regenerator back pressure with a 
nozzle. This procedure gives optimum jet propulsive 
efficiency and has the further advantage of allowing the 
gas-side regenerator component to operate at a mod- 
erately higher gas density, resulting in a hot-side ex- 
changer of smaller size and weight. A more complete 
analysis may indicate that overcompensation in this 
respect is desirable in order to yield a lighter regener- 
ator, especially at extremely high altitudes where the 
exhaust density at the pressure of the atmosphere will 
be small. 

Mechanical efficiency of the propeller reduction gears 


is taken as 100 per cent, and the power required by such 


auxiliaries as the fuel pump, lube oil system, generator, 
etc., is neglected. However, if desired, an overall me- 
chanical efficiency to include the reduction gear effi- 
ciency and the auxiliary power may be applied directly 
to the shaft horsepower quoted for the various regen- 
erator designs. 

The choice of overall regenerator effectiveness and 
pressure drop may not be optimum with respect to each 
other and to the various regenerator designs. How- 
ever, these magnitudes are of the same order as chosen 
in reference 2 after extensive analysis of the application 
of the regenerator to the turboprop system. 

The cycle was analyzed employing the air and com- 
bustion products properties of reference 6. The results 
of this analysis for various pressure ratios are given in 
Table 2 and on Fig. 4, along with the performance of 
the same system without the regenerator. 

A pressure ratio of 6:1 was chosen, for the purpose 
of making specific regenerator designs, as being typical 
of present practice, although it should be noted that 
this pressure ratio is not the optimum for operation 
either with or without the regenerator. However, one 
of the advantages of regeneration is evident in this re- 
gard, since the optimum pressure ratio is lower with 
regeneration than without. Also the efficiency curve 
is ‘‘flatter,’’ indicating better part-load characteristics. 
Table 3 gives the operating conditions for the regenera- 
tor at a pressure ratio of 6:1, along with the fluid prop- 
erties at these conditions, from reference 7. 

More comprehensive studies of aircraft gas-turbine 
cycles, including range and weight considerations, are 
available in references 8 and 9. 


THEORY OF THE LIQUID-COUPLED INDIRECT-TRANSFER 
REGENERATOR 


The complete analysis of the liquid-coupled indirect- 
transfer heat exchanger is given in reference 4. In- 
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cluded here is a brief summary of the results of this 
analysis and a discussion of the application to the spe 
cial case of gas-turbine regenerator. 

The effectiveness, «, of a heat exchanger is, by def 
inition, the ratio of the actual heat-transfer rate to the 
This maximum 
heat 
of infinite transfer area operating with the same flow 


maximum possible heat-transfer rate. 


would be realized in a counterflow exchanger 
rates and fluid temperatures as the exchanger in ques- 


tion. It may be shown that 


o( NTL Cn n 


Cnar.» flow arrangement 


functional relationship is given graphically for a number 


where reference 10 this 
of different flow arrangements for direct-transfer ex 


changers. Fig. 5 shows the e-N7U relationships for 

the multipass cross-counterflow arrangements consid 
. - . 

ered for these design studies for the particular casi 


Cmin 


The liquid-coupled indirect-transfer heat exchanger 


Cmar. = unity. 


is a combination of two conventional direct-transfer 
heat The 
coupled system is expressible in equation form as a func 


exchangers. overall effectiveness of the 
tion of the effectiveness of each of the components and 
the relative flowstream capacity rates (flow rate times 
specific heat). The purpose of this section is to con 
sider the reduced form that these equations! assume 
for the special case of equal capacity rates, as is closely 


realized in the gas turbine regenerator system. ‘Thes« 
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expressions are then analyzed to ascertain optimum | 


conditions with respect to (a) coupling-liquid circula- 
tion rate and total 
between the hot and cold exchanger components. 


(b) distribution of transfer area 


For the case of the gas-turbine regenerator, C, ~ C,, 
and for C; > C, 


€0 1/[(1/e.) + (1/e,) — (C/Cz)] (1) 
for < C, 

= (C,/C)/[(1/e-) + (1/e,) — 1) (2) 
where C = C, = C,, the capacity rate of both the hot 


gas and cold air streams. Cy, is the coupling-liquid ca 
pacity rate (flow rate times specific heat capacity), an 
independent variable that may be controlled as de- 
sired. 
any given magnitudes of the component heat transfer 
effectivenesses, €. and e¢,, for the cold and hot ex 
respectively, the overall 


is maximized by making C, = C. 


changers, effectiveness 
This same conclu- 
sion is demonstrated graphically in Fig. 6a, where ¢ is 
plotted as a function of C;/C. However, the optimum 
point is not so critical as depicted in Fig. 6a because, 
for given transfer areas A, and A, and overall heat- 
transfer coefficients L,, U. in the two heat exchangers, 
a modification of C; will also influence the component 
effectivenesses €, and ¢. in a manner that tends to com 
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TABLE 3 
Regenerator Operating Conditions at 6:1 Pressure Ratio 


Air Side Gas Side 

Inlet to Regenerator 

P,, lbs. per sq.in 60.65 12.64 

ti, -F $14 1,001 

“1, ft.3/Ib 5.34 12.8 
Average Properties 

P,y., Ibs. per sq.in 60.1 12.38 

F 566 S857 

Cp, (). 249 (). 259 

uy, Ibs./hr. ft 0.0745 0.0804 

Pr; 0.667 0.6638 


Specific Flow Rate, Ibs. / 1,000 s.hp 
hr 37,880 38,360 


Capacity Rate Ratio, Ca/C 0.950 


pensate to a certain extent the reduction of « caused 
by the variation of C;. This conclusion is most readily 
demonstrated graphically, as shown in Fig. 6b for the 
case of counterflow exchanger components with V7'U, 
= NTU.. 
rate 20 per cent in excess of the optimum (C;,/C = 


It can be seen that a coupling liquid flow 


.20) will not seriously decrease the overall effective- 
ness. However, a decrease of 20 per cent (C, C = 
().80) below the optimum results in a significant decrease 
iN 

With C, C = unity, as required for optimum per- 
formance, Eqs. (1) and (2) reduce to 


= 1/[(1/e) + (1/e) — 1] 


The component exchanger effectivenesses are inde- 
pendent variables, and the question remains as to what 
particular combination of ¢, and ¢, will maximize the 
overall effectiveness for a given total heat-exchanger 
size and weight. This question can be answered com- 
pletely only by comparing various actual designs. 
However, the following considerations will yield a 
qualitative criterion for the distribution of total heat 
transfer surface between the two exchanger units. 
For a specified flow arrangement—i.e., counterflow, 
cross flow, etc.-the component effectivenesses e,, €, are 
unique functions of and respectively, for 
the condition of C, = C, = Cr = C. 
relation for several flow arrangements. 


Fig. 5 reveals this 
For the case 
of true counterflow, however, a graphical representation 


is not necessary, since the algebraic expression is, simply, 
e = NTU/(1 + NTU) (+) 

Substitution into Eq. (3) yields 

e = NTU*NTU/(1 + NTU*)? + NTU*NTUL (5 

where 


NTL NTU, + NTU, and NTU* 


NTU./NTU, = A.U./AnU) 


If N7Ly is maintained constant, the usual method 
of limits reveals that ¢) is a maximum when N7L* is 
unity. Should the conductances and Ul), in the 
cold and hot exchangers, respectively, happen to be 
essentially the same, then a constant N7‘U corre 
sponds to the condition of constant total area Ay = 
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Fic. 6. Optimizing operating conditions for the liquid- 


coupled regenerator. Optimizing conditions for coupling-liquid 
flow rate with e9 as a parameter. Optimizing conditions for 
coupling-liquid flow rate with V7 as a parameter. Optimiz- 
ing conditions for transfer area distribution for U./U,; = 1 and 2. 


A, + A,, and the optimizing condition of NT7U* = 
unity corresponds to an equal area distribution A, = 
A,.. However, for the designs considered in this paper, 
UL. U), is in the range 1.3 to 1.9 (see Table 5), and, for 
these conditions, holding N7U) a constant does not 
correspond to holding total transfer area a constant. 
The question as to optimum area distribution is then 
not answered by the specification of N7U* = unity. 
To examine this point in more detail, Eq. (5) was 
graphed as « versus V7U™*, Fig. 6e (solid lines), for 
two magnitudes of N7‘L corresponding to maximum 


overall effectivenesses of 50 and 75 per cent, respec- 


‘ 


tively. Then, employing Eqs. (3) and (4) and the 
arbitrary specification of U. U), = 2, « versus NTU* 
(= 2A. A, in this case) was calculated for the speci- 


fication of two magnitudes of constant total area Apo. 
The magnitudes of Ay were selected so as to pass the 
two curves (dashed lines) through the points (e = 
0.75, NTU* = 1) and (6 = 0.50, NTU* = 1). Itis 
seen from this result, Fig. 6c, that U./U, > 1 shifts 
the optimum area distribution to larger than unity 
magnitudes of N7‘U*. However, because the curve 1s 
flat in the region of maximum ¢ and since the design 
UL. U, is in the range 1.3 to 1.9, it can be concluded 
that an area distribution corresponding to V7‘U* within 
the range 0.75 to 2.00 will yield close to maximum over- 
all effectiveness. That is, A.A, in the range 0.75 
U,) to 2, is the criterion for optimum heat- 
transfer area distribution. 
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Interrupted Plete-Fin with Copper Fine 
Interrupted Plete-Fin with Aluminum Fine 
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| eas OR AIR 


— 
= 
SURFACE ST-I +1344} 7 
ARR. | 03" DIMPLE DEPTH 
SURFACE FTD-2 
ARR. 2 
COUPLING-LIQUID 
0503 
be 25 
AIR 
OR AIR 
SURFACE 19.86 
ARR. 4 
0562" 2" 413" 
SURFACE 11.32-.737-SR 0775" 
ARR. 3 SURFACE 1|7.8-3/8R SURFACE 1/8-15.2 
ARR. 5 ARR. 61a) , 6(b),6/(c) 
Fic. 7. Description of heat-transfer surface arrangements. (Refer to Table 4 for additional geometrical data.) 


The specific selection of area distribution within this 
range should include a consideration of the relative costs 
of A, and A, and the geometrical requirements im 
posed on the regenerator by the machinery arrange- 
ment. The fact that the designer is allowed this free- 
dom of choice without a penalty is an important ad 
vantage for this type of exchanger. Another important 
gain to be realized from increasing A, relative to A, is 
that the operating temperatures of the coupling liquid 
are reduced and, consequently, the heat exchanger 
surface temperatures are reduced. This might allow the 
use of cheaper and lighter weight materials of construc- 
tion. 


HEAT-TRANSFER SURFACES 


The heat-transfer surfaces used for the designs pre- 
sented in this study are shown on Fig. 7. For this ap- 


plication a surface arrangement is desired which has a 


large free volume and free-flow area on the gas or air 
side and a small free volume and free-flow area on the 
order to 
minimize the dead weight of the coupling liquid in the 


coupling-liquid side. This is desirable in 


heat exchanger. Since the pumping power require- 
ment of a liquid tends to be small compared with that 
of a gas, there is no object in minimizing velocities on 
the liquid side. 


In Arrangement 1, the gas or air flows threugh 0.231 
in. inside diameter, closely spaced, circular tubes, and 
the coupling liquid flows across the tubes. The reverse 
arrangement with the gas or air flowing across the 
circular tubes does not appear practicable because of 
the large liquid side volume. However, the liquid side 
volume can be decreased by flattening the tubes, and 
Arrangement 2 has the gas or air flowing across a bank 
of flattened and dimpled tubes with the coupling liquid 
flowing inside. 


| 
O~O AN | 
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There is a variety of finned-tube arrangements 
practical for this system. Arrangement 3 is repre 
sentative of such surfaces and has the advantage of 
small coupling-liquid volume as compared with gas o1 
air volume. 

Plate-fin surfaces can be used for this application, and 
the desired surface arrangement characteristics can be 
approached by sandwiching a small coupling-liquid 
space between plate-fin tubes. Arrangements 4, 5, and 
6 are plate-fin systems with different types of fins. 

The complete geometrical specifications of the surface 
arrangements are given in Table 4. A core material 
with density and thermal conductivity comparable t 
mild steel was assumed for all surfaces except for the 
fins in Arrangements 6(b) and 6(c). A fin material 
with properties comparable to copper and aluminum, 
respectively, was chosen for these latter cases in order 
to investigate the advantages arising from a high ther 
mal conductivity. Note that the coupling liquid, how 
ever, is, as in the previous cases, enveloped in steel 

The basic heat-transfer and flow friction characte1 
istics for the gas or air sides for all of these arrangements 
were recently reported in reference 10. Heretofore, 
such studies as these would have been impossible be 
cause of the absence of adequate design data for the 
compact surfaces of interest in this application. 


COUPLING LIQUIDS 


To be useful for this application, the coupling liquid 
should have the following characteristics: 

(1) A low freezing point (say, less than 32°F.) and a 
high boiling point at moderate pressures (say, greater 
than 1,000°F. for a pressure of less than 200 Ibs. per 
sq.in.). 

(2) A high convective heat-transfer coefficient of 
the order of 4; > 1,000 B.t.u. /(hr. ft.2 °F.) for velocities 
less than 20 ft. per sec. 

(3) A low specific gravity. 

(4) A low viscosity. 

(5) Ease of handling in piping and pump systems 
without insurmountable problems of gland sealing and 
corrosion. 

Such standard transfer liquids as water and Dow 
therm are ruled out on the basis of items (1) and, or 
(2). Mercury is reasonably acceptable in every re 
spect except item (3). The high specific gravity ol 
mercury might be acceptable in a stationary or trans 
portation-type prime mover, but it would not be accept 
able in the aircraft turboprop application. A liquid 
metal alloy of close to eutectic proportions of sodium 
and potassium has desirable characteristics with re 
spect to the first four requirements. Its handleability 
is largely a matter of conjecture, but its possible use in 
the atomic-energy program may result in rapid develop 
ments in this respect. 

Reference 5 contains the most up-to-date information 
on liquid metals with respect to properties, heat-transfer 
characteristics, and what is known about the problems 
of constructing circulation systems. 
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For the purposes of this paper, it is not necessary to 
know ht, accurately, since, if h, > 1,000, the controlling 
thermal resistance is on the gas or air side of the heat- 
exchanger components. For all the designs, h;, = 3,000 
B.t.u. (hr. ft.2 °F.) was selected. If sodium-potassium 
is employed as the coupling liquid, 4, may be consider- 
ably greater than this so that the designs might be con- 
sidered slightly conservative. To estimate the neces- 
sary piping sizes for the circulating liquid, a specific 
heat per unit of volume of pc = 25 B.t.u./(ft.* °F.) is 
used, corresponding to the properties of the sodium- 
potassium eutectic alloy at 700°F. 


DESIGN METHOD 


Basic heat-transfer and flow friction design data for 
the surfaces employed were obtained from reference 10. 
For the purpose of simplifying the calculations, the 
following conditions were postulated for all designs 
except Nos. 13, 14, 17, and 18: 

(1) = CG, = Cr = C. 

(2) NTU, = NTU, = NTU. 

(3) &, = 3,000 B.t:u./ (hr. ft.* “F.). 

(4) Hot and cold components are cross-counterflow 
units with two passes on the coupling-liquid side. 

(5) Gas and air properties and operating conditions 
are as specified in Table 3, with the exception that 
Cair/Coas = unity was used in accordance with item 
(1) above. 


For design Nos. 13, 14, 17, and 18, N7‘U, was taken 
as greater than N7U’, in accordance with the previous 
discussion regarding optimum area distribution between 
hot and cold components, and for design Nos. 17 and 
18, four liquid passes were employed on the air side and 
one on the gas side. 


On the basis of items (1) and (2), « = «, and Eqs. 
(1) and (2) reduce to 


« = 1/[(2/e) — 1] 6) 


where the cold and hot components have the same 
effectiveness (as given in Fig. 5) 


e= ¢(NTU = AU/C) 


For a given overall effectiveness ¢, the component 
effectivenesses = €, = are determined. This 
fixes the magnitude of the necessary number of transfer 
units for the specified cross-counterflow arrangement 
for each of the components. Then, by a method of 
successive approximations, the core geometry 1s estab 
lished which will give the necessary AU’ product with 
the moderate per cent pressure drop as specified in 
Fable 1. The flow friction distribution, (AP P)),i;: 
(AP /P)as, Was taken as approximately 0.25 at the 
full load design conditions, since this distribution tends 
to reduce the total part load frictional losses. This 
design criterion also has the advantage of reducing the 
volume and frontal area of the hot gas component (at 
the expense of a larger cold air component). 
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ARRANGEMENT 4 


AIR SIDE — DESIGN 7 
VOL. = 1.30 ft¥I000 shp, WT. = 82.3 Ibs./I000 shp 
NTU = 2.22, (AP/P,), =097% 

GAS SIDE - DESIGN 8 
VOL. = 2.11 ft¥1000 shp, WT. = 134 Ibs./I000 shp 
NTU = 2.22, (AP/P\), = 4.88% 


1.84 


4 
1.22 1.84 
AIR SIDE GAS SIDE 
50% (OP/P, rota = 5.85% 


ARRANGEMENT 5 


AIR SIDE - DESIGN 9 
VOL.= 1.23 ft7I000 shp, WT = 74 Ibs./I000 shp 
NTU = 222, (QP/P,), = 1.03% 
GAS SIDE - DESIGN 10 
VOL.= 1.67 ft3/1000 shp, WT = IOI Ibs./1I000 shp 
NTU = 2.22, 4.78% 


202 
135) La 


401' 
1.35 2.02' 
AIR SIDE GAS SIDE 


E overati= 50 % (AP/P, =5.81% 


ARRANGEMENT 6(q (BALANCED NTU) 


AIR SIDE — DESIGN II 
VOL. = 1.36 ft.°3/1000 shp, WT. = 680 Ibs./I000 shp 
NTU = 2.22, (AP/P)a = 1.14% 

GAS SIDE - DESIGN 12 
VOL. = 2.00 ft¥i000 shp, WT. = 100 Ibs. /I000 shp 
NTU = 2.22, (AP/P,), = 4.84% 


2.06 


726' 468' 
137 2.06" 
AIR SIDE GAS SIDE 
E overart 790% (AP/P, = 5.98 % 


ARRANGEMENT 6(c) (UNBALANCED NTU) 


AIR SIDE - DESIGN 17 
VOL = 1.84 £t/I000 shp, WT. = 46.2 Ibs./1000 shp 
NTU = 4.35, (AP/P;), =1.37% 
GAS SIDE - DESIGN |8 
VOL = 0.787 shp, WT. = 19.8 
NTU = 1.45, (AP/P\)g= 4.20% 
| 


"950 248' 
139 
AIR SIDE GAS SIDE 
E overare 50 % (AP/P ) 557% 


Fic. 8. Liquid-coupled regenerator designs. Arrangement 4, design Nos. 7 and 8. Arrangement 5, design Nos. 9 and 10. Ar- 
rangement 6(a), design Nos. 11 and 12 (see Fig. 1 for application of this design). Arrangement 6(c), design Nos. 17 and 18. More_de- 


tails on these and ten other designs are summarized in Table 5 


REGENERATOR CORE SHAPES 


The foregoing considerations, together with the basic 
heat-transfer and flow friction characteristics of the 
surface arrangements shown on Fig. 7, were used to de- 
sign 1S heat exchangers— nine for the compressed air 
side component and nine for the exhaust gas side com- 
ponent. An air and a gas side component was designed 
using each of the six surface arrangements. Then six 
additional designs were made using variations of Sur- 
face Arrangement 6. A complete summary of the de- 
signs is given in Table 5. 


The several designs shown on Fig. 8 are all for a 1,000 
s.hp. plant. The heat-exchanger requirement for a 
larger plant is obtained by scaling up the frontal area of 
each component in direct proportion to the plant ca- 
pacity. The air or gas flow length remains unchanged. 
These drawings all show a square frontal area, but one 
of the advantages of the liquid-coupled arrangement is 
that a considerable variation in frontal area is possible 
without changing heat-transfer performance. The 
only parameter varied is the liquid velocity and, thus, 
the liquid pumping requirement, which is small in the 
first place. It should also be noted that the regenerator 


components need not be single units but can be built up 
of smaller units in a number of ways. Fig. 1, showing 
the application of designs Nos. 11 and 12 to a 4,000 
s.hp. turboprop system, is an example in which the 
hot and cold component units are each built up of a 
number of smaller units in parallel, arranged to best 
fit the machinery layout. 

Of primary importance in the turboprop application 
is the weight of the overall regenerator assembly. A 
summary of the weights of the heat-exchanger cores 
(gas side plus air side components) is given in Table 
6, together with the core volumes. The weight of the 
coupling liquid and of the headers, piping, pump, etc., 
must be added to arrive at a realistic estimate of the 
total to be charged to the regenerator. For the de- 
signs shown, if a liquid of approximately 50 Ibs. per 
cu.ft. density is employed (corresponding to a Na-K 
alloy), the total liquid weight will be of the order of 
0.10 Ib. per s.hp. for the designs employing Surface 
Arrangements 4, 5, and 6. The liquid weight will be 
somewhat greater for Surface Arrangements 1, 2, and 
3 because of the larger core volumes. 

Surface Arrangement 1, Fig. 7, flow inside 0.251-1n. 
circular tubes, yields a weight and also volume which 
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TABLE 6 


Design Surface Volume Weight 
Nos. Arrangement 1,000 s.hp.’ ~ s.hp 
L 2 1 0.613 
o, 4 7.18 0.214 
© 3 6.78 0.196 
£8 4 3.41 0.216 
9, 10 5 2.90 0.175 
il, i2 6(a) 3.36 0.168 
13, 14 6(a) Unbal. NTU 3:22 0 ] 
15,16 6(b) Bal. NTU (Cu 

fins on steel) 2.30 0. 11¢ 
17,18 6(c) Unbal. NTU 

(Al fin on steel) 2.63 0. O66 


Using liquid Na-K alloy, the liquid weight (including liquid in 
piping and headers) will be of the order of 0.10 Ib. per s.hp 


TABLE 7 
Liquid and Solid Metal Peak Temperatures (Surface Arra 


Design Temperature, Temperature, 
No. Surface °F. °F 
12 1/,-15.2 854 942 
14 1/,-15.2 827 936 
(Unbal. NTU) 
16 1/,-15.2 854 875 
(Cu fins) 
18 1/,-15.2 772 824 
(Al fins and unbal. 
NTU) 


+ These temperatures are for a turbine exhaust gas temperatur« 
of 1,000°F. and a compressor air discharge temperature of 
414° F., see Table 3. 


would probably be excessive for the turboprop applica 
tion (see Table 6). 

Surface Arrangements 2 and 3 yield designs of prac 
tical weight, although the volumes are somewhat too 
great. Arrangements 4, 5, and 6(a) show what can be 
accomplished with plate-fin surfaces. It should be 
noted that one surface could be used for the gas sic 
component and another for the air side component. It 
might be desirable from a fouling point of view, for 
example, to employ Surface Arrangement 4 in the gas 
side component and one of the more effective surfaces in 
the air side component. 

Surface Arrangement 6(a) in the design Nos. 11 and 
12 combination yields a core weight of 0.168 Ib. per 
s.hp. Adding the liquid, the piping, pump, etc., it 
appears that a total weight chargeable to the regener 
ator of the order of 0.30 Ib. per s.hp. is possible of at 
tainment. This should be evaluated against the ap 
proximate improvement in fuel economy of 0.10 Ib. 
per s.hp.-hr., as compared to the simple turboprop 
(P* = 6), see Fig. 4. 

Design Nos. 13 and 14 employ Surface Arrangement 
6(a) with N7TU./NTU, > 1.00 in order to approach 
optimum heat-transfer area distribution, as discussed 
in connection with Fig. 6. It will be noted that there 
is a slight reduction.in volume and weight but that the 
optimum is not at all critical. Of possibly greater im 
portance is the fact that this results in a considerable 
reduction in the size of the hot side component at the 
expense of the cold side component. This may be 
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quite desirable, since the hot side component may be 
the critical one with regard to fouling and high tem- 
peratures. As has been previously mentioned, reduc 
tion in hot side component size is also affected by 
carrying the larger portion of the per cent pressure 
drop on the hot side. 

Design Nos. 15 and 16, Surface Arrangement 6(b), 
show the improvement possible if a fin material with 
Although 
the fin material density is greater than steel used for 
the previous designs, the high thermal conductivity of 
copper allows the use of thinner fins and results in a 


the properties of copper can be employed. 


considerable reduction in weight, as well as volume. 

Design Nos. 17 and 18, Surface Arrangement 6(c), 
show what could be accomplished if a fin material with 
the density and thermal conductivity properties of 
aluminum could be employed (note that steel is still re 
tained for the plate material). If such a construction 
were possible, the weight of the coupling liquid, piping, 
pump system, etc., would exceed the heat-exchanger 
core weight (0.07 Ib. per s.hp.). Although it is doubt 
ful that aluminum fins could be used for the entire 
system, it is certainly a possible material to use for the 
cooler parts of the cold side component. 

Two additional notions have been incorporated in 
design Nos. 17 and 18 to illustrate the flexibility of the 
liquid-coupled system and the options that are open to 
the designer. In order to reduce the size of the hot side 
component, the NTU ratio is overbalanced in favor of 
the cold side component (NTU,/NTU), = 3.00). The 
heat-transfer effectiveness of the hot side component 
is 0.56, while that of the cold side component is 201. 
An examination of the e- NTU curves for the mult. ‘ass 
cross-counterflow heat-exchanger system, Fig. 5, will 
indicate that there is little to be gained by multipassing 
on the hot side, while four liquid passes are definitely 
worth while on the cold side. This results in a simpler 
system on the hot side, while the longer airflow length 
on the cold side allows four liquid passes. It should be 
noted that the low NTU requirement on the hot side 
results in a short gas-flow length (less than 3 in., see 
Fig. 8), which should be advantageous for cleaning and 
maintenance purposes. 

A second advantage of overbalancing the N7'U ratio 
is evident from an examination of the peak system 
temperatures given in Table 7. The peak coupling 
liquid temperature is reduced from 854° to 772°F. 
Since the heat-transfer resistance is overwhelmingly on 
the gas or air side of the regenerator components, the 
core surface material tends to operate at close to cou- 
pling-liquid temperature. The differences between the 
peak liquid temperatures and the peak fin metal tem 
peratures, as shown in Table 7, are due to the temper 
ature variation in the fins. It is thus seen that the 
heat-exchanger surface temperatures can be minimized 
by overbalancing the N7U ratio in favor of the cold 
side component and by the use of high thermal con- 
ductivity fin material. The minimum coupling-liquid 
temperature for the aluminum designs, Nos. 17 and 18, 
is 476°F. It may be possible to employ a material 
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such as aluminum for the fins in at least the first two 
passes on the cold side where the surface temperature 
would not exceed 600°F. : 

Calculations for the pumping requirement for cir- 
culating the coupling liquid, assuming a liquid com- 
parable in properties to Na-K alloy, indicate that it is 
moderate, being of the order of 2 hp. per 1,000 s.hp. 
plant rating, including pumping and piping losses in 
addition to the heat-exchanger core friction require- 
ment. For a 4,000-5,000 s.hp. plant, the coupling- 
liquid transfer lines would be of the order of 3-+ in. in 
diameter. 


COMPARISON WITH HIGH PRESSURE RATIO TURBOPROP 


A major question that arises at this point is how does 
the liquid-coupled regenerator-turboprop compare with 
the simple turboprop and, more particularly, the high 
pressure ratio turboprop? 

The studies reported in reference 8 indicate the fol- 
lowing zero ram, sea-level specific weight comparison: 


Pressure ratio 6:1 0.50 Ib. per s.hp. 
0.622 Ib. per s.hp. 


0.635 Ib. per s.hp. 


Pressure ratio 14:1 
Pressure ratio 20: 1 


In contrast, based on the studies reported here, the 6: 1 
pressure ratio plant with a liquid-coupled regenerator 
would have a specific weight of 0.70-0.80 Ib. per s.hp. 
This greater weight is compensated for by a 20 per 
cent improvement in fuel economy, compared with a 
6:1 pressure ratio simple turboprop; even for the 14:1 
and 20:1 plants there is about a 4-5 per cent improve- 
ment (for a turbine inlet temperature of 2,000°R.). 
Consequently, as concluded in both references 8 and 9, 
for flight ranges in excess of 3,000 miles and speeds of 
the order of 300 m.p.h. the regenerator-turboprop plant 
is competitive with the high pressure ratio simple turbo- 
prop. Which development can most readily be con- 
summated is a debatable point that, it is believed, can 
best be answered by actual experience with both sys 


tems. 


CONCLUSIONS 


This study suggests the following important con- 
clusions: 

(1) The development of the liquid-coupled indirect- 
transfer regenerator hinges on the availability of a good 
coupling fluid. Some of the liquid metals appear to 
be best suited for this purpose, but much remains to be 
learned about their handling problems. Reference 5 
contains an up-to-date summary of available informa- 
tion on this subject. 

(2) Granting that such. coupling liquids will be de- 
veloped, the liquid-coupled indirect-transfer regener- 
ator appears to offer a practical solution to the problem 
of a regenerator for the aircraft turboprop system. 
If extended area heat-transfer surfaces are employed, 
the total weight and volume chargeable to the regen- 
erator are reasonable, relative to the improvement in 
fuel economy, and, in addition, the small frontal area 


characteristic of the simple turboprop without regen- 
erator is maintained. 


(3) The liquid-coupled regenerator-turboprop ap- 
pears to be much superior to the simple turboprop at 
6:1 pressure ratio and is competitive with the simple 
turboprop even at its optimum compression ratio (14- 
20:1 for Tru. = 2,000°R.) for flight ranges greater 
than 3,000 miles. 


(4) The heat-exchanger designer is allowed a degree 
of flexibility not possible with direct-transfer regener- 
ators. Specifically, the peak temperatures of the 
heat-exchanger materials may be reduced to a certain 
extent by shifting area to the cold side component, dif- 
ferent parts of the system may be constructed of dif- 
ferent materials compatible with the temperatures 
reached, and the hot and cold side components may 
be independently shaped to best fit the machinery 
arrangement. Because of this flexibility, such light- 
weight materials as aluminum, and possibly titanium, 
may be used in parts of the system to substantially de- 
The short gas-flow lengths in the hot 
side component (3-4 in.) will simplify inspection, clean- 
ing, and replacement. 


crease weight. 


(5) The theory for the liquid-coupled indirect-trans- 
fer regenerator provides the following operating and 
design criteria: (a) The coupling-liquid flow rate 
should be controlled with plant load so as to maintain 
an approximate unity ratio of C,/C. Performance 
drops substantially for C,/C less than unity but only 
moderately for C,/C greater than unity. (b) The 
heat-transfer area distribution between hot and cold 
units may be adjusted within the range 


0.75/(Ue/ Un) < Ac/An < 2.0/(Ue/ Us) 


without appreciable penalty in performance or transfer 
area requirement. 


This study was prepared only to indicate what may 
be realized from a geometrical point of view with the 
liquid-coupled indirect-type regenerator using compact 
These designs, as a consequence, are not to 
be considered as optimum. Moreover, as it may not 
prove to be practical to fabricate any or all of these 
surfaces for high-temperature service, these designs may 
not even be possible of realization. There also remains 
the major question of the availability of a suitable 
coupling liquid. Nevertheless, such studies are essen- 
tial preliminaries to provide an inducement to develop 
the necessary manufacturing arts and to develop suit- 
able coupling liquids. It may also be speculated that 
nuclear power-plant heat-exchanger developments may 
in the near future lead directly to liquid-coupled re- 
generators suitable for the turboprop. 


surfaces. 
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The Aerodynamic Forces on Low Aspect 
Ratio Wings Oscillating in an 
incompressible Flow 


By 

H. R. Lawrence and E. H. Gerber 
Cornell Aeronautical Laboratory 
Inc 


A method for calculating the aerody- 
namic forces acting on a harmonically oscil 
lating low-aspect-ratio wing in incompres- 
sible flow is presented for the class of plan 
forms with straight trailing edges. The 
aerodynamic lift and moment resulting 
from oscillatory vertical translation and 
rotation are co:nputed for rectangular and 
triangular wings of aspect ratios ranging 
from 0 to 4 with reduced frequencies from 
0 to 1. 
from the harmonic rotation of 25, 37, and 


The aerodynainic forces arising 


50 per cent chord trailing-edge flaps are 
computed for rectangular wings of aspect 
ratios 1 and 2 for the zero to unity reduced 
frequency range. The results are shown 
to be in accord with the Garrick theory for 
plan forms of very low aspect ratio and 
with the infinite aspect ratio theory for 
rectangular wings. In the limiting case of 
zero frequency, the results reduce to the 
steady-state solutions of an earlier paper by 
Lawrence. A rapid method for solving the 
integral equation is developed for cases 
where the steady-state solution has been 
expressed in matrix form 


On the Temperature Distribution Along a 
Semi-Infinite Sweat-Cooled Plate 


By 
Nathan Ness 


Polytechnic Institute of Brooklyn 


A theoretical investigation of the tem- 
perature distribution along a_ semi-in- 
finite porous flat plate under the condition 
of uniforin injection from the bottom of the 
plate is made 

A heat-balance differential equation of 
the second order, including a term con- 
taining the physical parameters of the 
plate, is derived and is employed in con- 
Prandtl 
boundary-layer equations of continuity, 


junction with the well-known 


Summaries 


momentum, and energy for a solution of 
the problem. 

The temperature distribution along the 
plate is obtained for the respective cases of 
thermal conductivity not equal to and 
equal to zero. Results show that the in- 
clusion of the thermal conductivity term 
in the heat-balance equation eliminates the 
infinite temperature gradient at the lead- 
ing edge. 

Other results when thermal conductivity 
is considered are: (a) The boundary con- 
ditions at the leading edge—i.e., the ratio 
of wall to free-stream temperature and the 
axial temperature gradient there—may 
not be chosen arbitrarily but are related 
mathematically to each other; (b) the 
ratio of thermal to velocity boundary- 
layer thickness is less than unity at the 
leading edge for Prandtl Numbers greater 
than 0.35 and is equal to unity at an in- 
finite distance downstream; (c) at an in- 
finite distance downstream, the wall tem- 
perature approaches the coolant tempera- 
ture. 


A Free Flight Investigation of the Possibility 
of High Reynolds Number Supersonic 
Laminar Boundary Layers 


By 
Joseph Sternberg 


Ballistic Research Laboratories 
Aberdeen Proving Ground 


A modified V-2 was fired October 26, 
1950, at White Sands Proving Ground to 
determine whether, under favorable con 
ditions, laminar flow at high Reynolds 
Numbers at supersonic speeds was pos 
sible. The test area was the surface of a 
special polished 20° included angle conical 
nose more than 8 ft. long, which replaced 
The rocket 
reached M = 3at 25,000 ft. in approximately 


the standard V-2 warhead. 


horizontal flight before it exploded from 
unknown causes. With the large thermal 
inertia of the 0.18-in. thick skin, the skin 
temperature lagged well behind the bound 
ary-layer recovery temperature. Conse 
quently, during most of the supersonic 
portion of the flight, the heat transfer from 
the air to the surface was greater than that 
required to damp small boundary-layer 
oscillations according to Lees’ theory. 


vi 
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Measurements of the nose skin tempera- 
ture and of total pressures in the bound- 
ary layer were telemetered in order to es- 
tablish the laminar or turbulent state of 
the boundary layer. The pressure and 
temperature data indicate that the cone 
boundary layer was laminar at an equiva- 
lent flat plate Reynolds Number of 5 X 10’, 
which was the largest Reynolds Number 
obtained on the cone. 


Creep Collapse of Viscoelastic Columns 
with Initial Curvatures 


By 
Harry H. Hilton 


University of Illinois 


Collapse due to creep of a viscoelastic 
column is investigated by using the gen- 
eralized viscoelastic stress-strain relation- 
ship. An expression is derived for the ulti- 
mate time of the viscoelastic column in 
terms of its arbitrary initial curvature, the 
applied load, the material properties, and 
the ultimate moment of the equivalent 
elastic column. The results are then ap 
plied to two specific viscoelastic bodies— 
namely, the standard linear solid and the 
Maxwell body. 


On the Application of Statistical Concepts 
to the Buffeting Problem 


By 
H. W. Liepmann 


California Institute of Technology 


This study is intended as a step in the 
direction of an understanding of the prob- 
len of buffeting. The buffeting discussed 
here is of the type encountered when the 
wake of some part of the airplane inter- 
feres with the tail surface, as happens, for 
exairple, during the stall. To approach 
the general buffeting problem immediately 
does not seem promising; hence, first, a 
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WANTED! 


300,000 
SKYWATCHERS 


AIR ATTACK!... This alarm could be 
sounded in the U.S.—tonight, to- 
morrow, any time! If it is, then time 
will be priceless—every moment 
vitally important. 

Fortunately we do have a warn- 
ing system—a combination of radar 
stations and volunteer civilian sky- 
watchers, the Ground Observer 
Corps. And the Air Force has pro- 
tective squadrons of Lockheed 
Starfire interceptors ready to 
answer any alarm—climb quickly 
to the attack—locate and knock 
out invading bombers in any 
weather, day or night. 


But unfortunately our warning 
system is not complete. We 
need 300,000 more volunteer 
observers! WE MUST HAVE MORE 
GROUND OBSERVER CORPS 
MEMBERS TO ASSURE 24-HOUR 
WATCH OF ALL VULNERABLE 
U.S. AREAS. 


Radar cannot do the whole job, 
because ground stations can’t al- 
ways spot planes flying under 5,000 
feet. The only immediate answer 
is sheer man power—patriotic men 
and women who will donate just a 
few hours each week to the secur- 
ity of the U.S. and themselves. 

Too few people realize the need 
or urgency. You can help—by join- 
ing the Ground Observer Corps 
and by spreading the word. To vol- 
unteer, simply call your nearest 
Civilian Defense Office. Or send a 
postcard to Ground Observer 
Corps, United States Air Force, 
Washington 25, D. C. 
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ENEMY AIRCRAFT COULD 
PENETRATE U.S. DEFENSES 


Early this summer top U.S. Air 
Force officials met with Civil Defense 
directors from 46 states and four ter- 
ritories, and reviewed in confidential 
detail the current efforts to defend 
America from surprise enemy attack. 

“Despite a $300,000,000 radar 
fence around the nation’s perimeter. 
gaps exist through which enemy air- 
craft could penetrate our defenses un- 
detected,” the meeting was told. 

That’s why America needs a total 
of 500,000 civilian skywatchers as 
members of the Ground Observer 
Corps. Nearly 200,000 have already 
volunteered, 

“The only practical means of filling 
the gaps in our defenses is through 
a 24-hour operation by civilian vol- 
unteers,” the meeting was told. 

Why isn’t America’s radar network 
sufficient ? 

Defense gaps exists because of 
radars line of sight principle, and 
radar’s failure to penetrate opaque 
masses. Every mountain, every hill 
casts a shadow behind which enemy 
aircraft could sneak undetected. Even 
in perfectly flat country the curvature 
of the earth shortens the effective 
range. Equally alarming, radar is sus- 
ceptible to jamming. 

These gaps cannot be filled by Air 
Force personnel due to the stagger- 
ing expense. That’s why civilians are 
needed in 27 perimeter states to man 
Ground Observer Corps stations 24 
hours a day. Here is a critical, patri- 
otic job that requires just a few hours 
a week from each volunteer. 

Aircraft too are an important part 
of our national warning system and 
of course are the backbone of defense 
against attack. Three advanced Lock- 
heed planes play a vital role: 

The WV-2 Super Constellation 
Early Warning Aircraft, developed 
for the Navy and the Air Force to ex- 
tend radar’s range in a whole new 
concept of national defense. 

The P2V Neptune Navy Patrol 
Bomber, charged by the Navy with 
anti-submarine patrol and protection 
of U. S. coastal waters. 

And the F-94C Starfire, the nearly 
automatic all-weather interceptor, 
which does the final job of climbing 
to the attack at terrific speed, locating 
the invaders, and shooting them down 
with more than human accuracy. 

When the U. S. has all necessary 
planes and personnel—civilian and 
military—it will be difficult for enemy 
aircraft to penetrate U.S. defenses. 
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simpler problem is studied to bring out 
some general features of the buffeting 
problem which are believed to be impor- 
tant. The problem studied is the lift force 
exerted upon a two-dimensional thin air- 
foil moving in turbulent air. The state of 
turbulence will later on be restricted to 
isotropic turbulence, since the charac- 
teristics of this type are the best known 
and simplest. The explicit results gained 
from the present analysis will not be im- 
mediately applicable to tail buffeting, 
since the model is certainly oversimpli- 
fied. 

The lift exerted upon an airfoil moving 
in turbulent air is regarded here as the re- 
sponse of a linear system to a random forc- 
ing function. The explicit use of the 
random character of the forces exerted by 
the turbulent air is believed essential for 
an understanding and handling of buffet- 
ing. This concept obviously extends be- 
yond the applicability of the simple model 
discussed here in detail. The concepts 
used in studying the response of a linear 
system under the action of a random input 
force are by no means new. For example, 
the idea of random phases, which leads up 
to the so-called power spectrum, goes back 
to Lord Rayleigh. The theory of general- 
ized harmonic analysis has been developed 
in connection with communication engi- 
neering and related problems mostly by 
Wiener and his school. A parallel and 
often independent development went on in 
the theory of turbulence, where the same 
concepts of correlation functions, power 
spectrum, etc., have been systematically 
introduced by G. I. Taylor, Th. von Kar- 
man, and others and used extensively since 
then. In other branches of aeronautics 
and aeroelasticity, these concepts and their 
use are comparatively unknown, and this 
fact excuses the rather lengthy and de- 
tailed discussion of simple concepts in the 
present paper. The author is well aware 
of the fact that many of the problems dis- 
cussed and many of the concepts used 
are not new. It is the main purpose of the 
paper to call attention to the use of the 
statistical concepts in aeronautics and to 
demonstrate their application with a 
simple example. 


The Subsonic Calculation of Circulatory 
Spanwise Loadings for Oscillating 
Airfoils by Lifting-Line 

Techniques 


By 
M. A. Dengler and Martin Goland 


Midwest Research Institute 


A theoretical model is proposed to per 
mit the convenient calculation of subsonic 
circulatory spanwise loadings on oscillat- 
ing finite-span airfoils. The basis for the 
model is a lifting-line construction that rep- 
resents a fairly direct extension of the 
Weissinger steady-state model to the os- 
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bevel gear unit supplements an 
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actuated system. ANGLgear—with 
the capacity of units many times 
its size—is ideal for such close- 
quarter applications. Its compact 
design, hardened gears, ball bear- 
ings, flanged end mountings, 3-bolt 
side mountings, and an_ internal 
pilot on the mounting ends are 


plus features. 
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cillating case. It is shown how the pres- 
ent techniques permit treatment of swept 
wings with the same convenience normally 
encountered with straight wings. 

To evaluate the performance of the 
model, a study is made of the spanwise 
loadings on an upswept rectangular wing 
of aspect ratio 5, oscillating with reduced 
frequency '/3; in six different spanwise- 
symmetrical modes of motion; the re- 
sults of calculations are reported on the 
basis of the present model and on the basis 
of two prior theoretical treatments. An 
unswept wing is dealt with in the evalua- 
tion, since a theoretical background is 
available only for this class of oscillating 


wings. Calculations are also reported for 


ENGINE! 


a rectangular wi 
45° sweepback, wu 


of motions as th 


The considerati 


certain general ol 
character of 
Weissinger wing 


made to show how 


in relation 
subject 


Finally, recor 
study are made 
ment of a practi 
for the aerody1 


lating wings of g 


irrent 


REVIEW 


ig of aspect ratio 5 and 


dergoing the same types 


unswept wing 


ms of this paper lead to 


servations regarding the 


Prandtl, 
theories An effort is 


Cicala, and 


the present ideas stand 
literature on the 


mendations for further 
uimed toward develop 
design-oflice procedure 
mic treatment of oscil 
eral plan form. 


Preprint No. 347 


BH. AIRCRAFT 60. w. 


FARMINGDALE, NEW YORK 


OCTOBER, 


1952 


Lateral Instability of Rectangular Beams 
of Strain-Hardening Material Under 
Uniform Bending 


By 
W.H. Wittrick 


University of Sydney, Australia 


The problem considered in this paper is 
that of the lateral buckling of initially 
straight beams of thin deep rectangular 
cross section under uniform bending, when 
the bending moment is large enough to 
cause plastic flow to occur over part of the 
cross section. The solution applies to any 
shape of stress-strain curve and represents 
a generalization of that given by Neal for 
the case of mild steel bars 

Numerical calculations are made for two 
different materials, one representative of 
an aluminum alloy and the other of an- 
nealed mild steel, and the two materials 
are compared. 


An Impulse-Momentum Method for 
Calculated Landing-Gear Impact Conditions 
in Unsymmetrical Landings 


By 
Robert T. Yntema 


Langley Aeronautica! Laboratory, 


N.A.C.A. 


A brief review of the landing process is 
made, and the importance of the unsym- 
metrical landing condition is considered. 
A simple impulse-momentum method 
that takes account of approach conditions 
and airplane geometric and inertia char- 
acteristics is given for calculating land 
contact 


ing-geat conditions for suc- 


cessive impacts in unsymmetrical land- 
ings. Calculated results for a large air- 
plane are used to compare the severity of 
landing-gear impacts in unsymmetrical 
and symmetrical landings and to show the 
effects of such factors as sinking speed, 
wing lift, and side drift on impact severity 
in the unsymmetrical case he impor 


tance of landing-gear location and con- 


figuration is also shown by a comparison 
of the contact conditions for two similar 


airplanes —one having a conventional tri- 
cycle arrangement of gears and the other 


having a quadricycle arrangement 


Elastic Stability of Simply Supported Flat 
Rectangular Plates Under Critical 
Combinations of Longitudinal Bending, 
Longitudinal Compression, and Lateral 
Compression 


By 
Robert G. Noel 
North American Aviation 


A theoretical investigation was made of 


the buckling of simply supported flat rec 
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THE COUNTRY’S LARGEST 
EXTRUSION PRESS... 


now being installed by Alcoa... 
increases maximum extrusion size 
from a 15-inch to a 23-inch 
circumscribing circle, or from 600 pounds 


to 2300 pounds per piece 


The 13,200-ton squeeze of this press 
means that Alcoa extrusions can be larger, 
thinner, and more intricate than before. 
Ribbed extrusions for panels, for example, 
can be made, as illustrated, 34 inches wide— 
saving greatly in riveting and assembly. 

For complete information call your 
local Alcoa sales engineer. 


ALUMINUM COMPANY OF AMERICA 


1801-K GULF BUILDING, PITTSBURGH 19, PA. 
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tangular plates under critical combinations 
of longitudinal bending, longitudinal com- 
pression, and lateral compression. In- 
teraction curves for these loadings are pre- 
sented for various plate aspect ratios. Also 
included are curves of critical buckling 
constants for simply supported flat rec- 
tangular plates under combined unsym- 
metrical bending and lateral compression. 
The results indicate that the reduction in 
the allowable bending stress due to the 
addition of lateral compression is greatly 
magnified by the further addition of only 
a small longitudinal compressive load. 


On the Flow Behind an Attached Curved 
Shock 


By 
S. 1. Pai 
University of Maryland 


The flow field behind a curved shock is 
investigated. The essential feature of this 


The new engine would be self-starting. 
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flow pattern is that the flow is rotational 
with nonuniformity of entropy. The 
characieristic differential equation of the 
stream function for this flow pattern in 
both the two-dimensional and the axially 
symmetrical case is derived and then linear- 
ized by an extended form of the Ackeret 
iteration method 

The first-order linearized differential 
equation of the stream function, the so- 
called Sears equation, is solved for the flow 
over a plane ogive behind an attached 
curved shock The flow patterns are 
divided into two groups—one is desig- 
nated as ‘‘weak shock,” behind which the 
flow is still supersonic, and the other is des- 
ignated as ‘‘strong shock,’ behind which 
the flow is subsonic. They are investi- 
gated separately Analytic expressions 
for the flow field for both cases are ob- 
tained 

The velocity field can be divided 
into three components—i.e., one is due to 
the basic disturbances from the surface of 
the ogive, the second is due to the reflected 


disturbances from the shock front, and the 


The Shock Ignition Engine 


(Concluded from page 27 
g 


Before the velocities. 
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third is due to vorticity. Their relative 
contributions are indicated 

The first-order linearized theory fails at 
two points: One is that point where the 
change of stream function due to the 
change of velocity and that due to the 
change of density just cancel each other 
so that the velocity distribution is inde- 
terminate from the stream function. The 
other point is that at which the reflecting 
disturbance, itself, satisfies the Rankine- 
Hugoniot relations; then, according to the 
first-order linearized theory, the boundary 
condition at the shock front cannot be 
satisfied. Both of these points occur in the 
weak shock region. Excluding the im- 
mediate neighborhood of these points, the 
first-order linearized theory shows the 
general behavior of the flow pattern be- 
hind the curved shock. Within the neigh 
borhood of these two singular points, it is 
suggested that the exact differential equa 
tion should be used which can be solved 
by the method of characteristics because 
the flow behind the attached shock is still 


supersonic. 


The inlet diffuser might have to be length- 


fuel was injected, the normal shock would be down 
stream of the design point. Once the fuel was ignited 
through the action of the shock wave, a new controlled 
position would be established. As mentioned above, 
the effective back pressure would stabilize the shock 
wave at the design point in the divergent portion of the 
inlet diffuser. 

There are many disadvantages to such an engine 
The normal shock in the divergent portion of the inlet 
diffuser would be somewhat more intense than present 
stability conditions would require. This total pres 
sure loss due to increased intensity of shock would be 
somewhat compensated for by the fact that no loss 
would be developed at the flameholders. Another 
disadvantage to this form of engine is the lack of data. 
There has not been enough basic work done to deter 
mine the correct fuel or fuel-air mixture that could be 
employed with various gases. In addition, the effect 
of pressure and temperature on the various fuels and 
fuel-air mixtures should be determined. More work of 
a basic nature should be done with liquid fuels such as 
are normally employed today in the various jet engines. 
In addition to this, more work with air under condi 
tions similar to those expected in the upper air should 
be undertaken. Another big disadvantage is the lack 
of data for spraying and mixing of fuels at supersonic 


ened considerably in order to establish a fairly homo- 
geneous fuel-air mixture upstream of the ignition wave. 


The shock tube and the bullet experiments outlined 
above are rather economical ways to carry out this type 
of research. One of the main reasons for writing this 
paper is to interest people in this method of initiating 
and maintaining continuous combustion. If more 
people were actively engaged in such a program, this 
form of ignition could perhaps be utilized in the near 
future. 


SUMMARIZING REMARKS 


This form of ignition presents a somewhat different 
plateau for activation and combination of molecules 
for the liberation of heat. The engine proposed in this 
paper is not necessarily the final form that this type of 
engine would have. It is, however, an indication of the 
type of engine that is possible. In addition to the 
Jsteady flow cycle outlined above, perhaps some form of 
shock ignition could be employed in an unsteady flow 
cycle. It has been demonstrated that shock waves 
can be made to collide resulting in tremendous tem- 
peratures. Perhaps this technique could be employed 
in some unsteady flow cycle to give an efficient engine 
for lower supersonic flight Mach Numbers. 


 — 
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Today — besides pro- 

ducing more ready-to- 
install power packages 
than anyone else in the 
world — Rohr Aircrafts- 
men are making more than 


12,000 different parts for 


both commercial and military 
A segment of Rohr’s Engi- 
neering Department — ready, 
willing and able to serve you. 


aircraft. Rohr assembles these 
into more than 840 products for 


Rohr customers. 


WORLD'S LARGEST PRODUCER 


OF READY -TO-INSTALL POWER PACKAGES 
FOR AIRPLANES 


AIRCRAFT CORPORATION 


in Chula Vista, California...9 miles from San Diego 
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will be made available for the laboratory 
project. 

The Aeronautical Structures Labora- 
tory will be opened to students who hold 
B.S. degrees in aeronautical or civil engi 
neering, provided their undergraduate 
records indicate an aptitude for gradu- 
ate work. Trainees will point toward 
structural analysis or design for the air- 
craft industry or toward research in those 


fields. Graduate degrees of M.S., 
Ph.D., and D.Eng. will be offered, 


with opportunities for continuing into 
the postdoctoral study. 


New Corporate Member 


Anderson, Greenwood & Company, of 
Houston, Tex., an aircraft company 
established in 1946, recently joined the 
Institute of the Aeronautical Sciences as 
a Corporate Member. 

For well over a year, this group has 
been handling for Consolidated Vultee 
Aircraft Corporation, San Diego, com 
plete air-frame-design responsibility on 
major components of the Navy’s R3Y 
turboprop flying boat. This work in- 
cludes working drawings, stress analysis, 
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News (Continued from 


weight control, etc. Only recently, the 
company started highly classified design 
studies for Boeing Airplane Company, 
Seattle, in addition to other studies and 


design projects for Boeing’s Wichita 
Division 
On its own behalf, Anderson, Green 


wood also has under development de 
sign of military aircraft and related 
items. The company says that it is able 
to do this because of the excellent back 
ground experience acquired by its off- 
cers during the many years that they 
were with Boeing’s Engineering Divi 
sion in Seattle. The company further 
says that it is capable in air-frame de- 
sign, high-speed aerodynamics, missile 
design, ete. 

Prior to undertaking its military pro- 
gram, Anderson, Greenwood & Com 
pany designed, certificated, and pro 
duced the AG-14 pusher-type all-metal 
aircraft completed in 1950. 

The company has outgrown its pres 
ent quarters. Consequently, it is mov 
ing to new facilities being erected on a 
16-acre tract. The new location will, it 
is believed, permit ample room for ex 
pansion 


News of Mem bers 


p> V. Cadambe (M.), Assistant Direc- 
tor and Head of Division of Applied 
Mechanics and Materials, National 
Physical Laboratory of India, New 
Delhi, India, was named a Delegate 
by the government of India’s Minis 
try of Natural Resources and Scien 
tific Research to participate in the 
Eighth International Conference on 
Theoretical and Applied Mechanics 
held at Istanbul from August 20 to 28, 
1952. 

> William Scott Farren (F.), Tech 
nical Director, A. V. Roe & Company, 
Ltd., England, was recently elected a 
Vice-President of the Royal Aeronau 
tical Society. 


>» Peter Gordon Masefield (A.F.), 
Chief Executive and Member of the 
Board, British European Airways, 
England, was recently elected a Vice- 
President of the Royal Aeronautical 
Society. 


Members on the Move 


The purpose of this section is to pro- 
vide information concerning the latest af- 
filiations of l.A.S.members. All members 
are, therefore, urged to notify the News 
Editor of changes as soon as they occur. 


Andrew E. Abramson (T.M.), Research 
and Engineering Division, Washington 
Machine and Tool Works, Inc. Formerly, 


Aeronautical Research Scientist, Lewis 
Flight Propulsion Laboratory, N.A.C.A 

Major Walter D. Bennett, U.S.A.F 
(T.M.), Wright Air Development Center, 
Wright-Patterson Air Force Base, Ohio 
Formerly, assigned as Air Force Trainee 
in Industry, Guided Missile Project, 
Boeing Airplane Company. 

Second Lieutenant George L. Bergst, 
U.S.M.C.R. (T.M.), Engineering Officer, 
VMA-251, MAG-15, U.S. Marine Corps 
Air Station, El Toro, Calif. Formerly, 12 
SBC, 2nd Tri Batt., Marine Corps 
Schools, Quantico, Va. 

Joseph A. Bligh (T.M.), Model Design, 
Northrop Aircraft, Inc. Formerly, Junior 
Engineer ‘‘B,’’ B-52 Liaison Group, Boeing 
Airplane Company 

Captain James L. Bode, 
(T.M.), Hedron 2 
M.A.W., M.C.AS., 
Formerly, Pilot 


U.S.M.C 
Operations, 2nd 
Cherry Point, N.C 
Delta Air Lines. 

David D. Bowe (M.), Assistant General 
Sales Manager, Aeroproducts-Allison Divi- 
sion, Motors Corporation 
Formerly, Chief, Aerodynamics and Ap- 
plication Unit, Engineering Department, 
Aeroproducts-Allison 

Private Harold Bryman, U.S.A. (T.M.), 
now Co. D, &6th Inf. Regt., 10th Inf 
Div., Fort Riley, Kan 

Major Donald D. Carlson, U.S.A.F 
(T.M.), Headquarters, Wright Air De 
velopment Command, Wright-Patterson 
Air Force Base, Ohio. Formerly, Captain, 
Graduate Student, Princeton University 
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Andrew F. Charwat (T.M.), Aerody- 
namicist, Propulsion Research Corporation. 
Formerly, Instructor, University of Cali- 
fornia. 

William H. Dammer (T.M.), Field 
Service Engineer for Boeing Airplane 
Company, assigned now to Lowry Air 
Force Base, Colo., and formerly to the 
Boeing plant in Seattle, Wash 

Major William S. Dawson, U.S.A.F. 
(A.M.), Student Officer, Communications- 
Electronics Staff Officers Course, Air Com- 
mand and Staff School, Air University, 
Maxwell Air Force Base, Ala 
Director of Plans and Requirements, 
Headquarters 1808th Airways and Air 
Communications Service Wing, Military 
Air Transport Service, Japan 

Major Fred H. Dietrich, U.S.A.F. 
(M.), Wright Air Development Center, 
Wright-Patterson Air Force Base, Ohio. 
Formerly, assigned as Air Force Trainee in 
Industry, Guided Missile Project, Boeing 
Airplane Company. 

R. C. Drinkwater (T.M.), Acronautical 
Engineer/Commercial Pilot, Spartan Air 
Services Limited, Canada Formerly, 
Aircraft Design Engineer, A. V. Roe 
Canada, Ltd. 

Douglas Eastman (T.M.), Product De- 
signer (Aircraft), Kaiser Metal Products 
Co. Formerly, Designer ‘“B,’’ Boeing Air- 
plane Company. 

Frank H. Erdman (T.M.), Assistant to 
the President, McDonnell Aircraft Cor 
poration. Formerly, Assistant Repre 
sentative in the Washington, D.C., Office, 
McDonnell. 

Thomas W. Fehr (T.M.), Development 
Engineer, Basic Processes and Engineer- 
ing Department, Solid Engine Division, 
Aerojet Division, The General Tire & Rub 
ber Company. Formerly, Engineering 
Assistant, University of Illinois 

Lewis Filler (T.M.), Instructor, De- 
partment of Aeronautical Engineering, 
New York University. Formerly, Aero- 
dynarnicist, Grumman Aircraft Engineer- 
ing Corporation. 

A. P. Fontaine (A.F 
President, Consolidated Vultee Aircraft 
Corporation. Formerly, Vice-President 
and General Manager, Convair 

Charles G. Garrett, Jr. (T.M.), Naval 
Air Test Center, Patuxent River, Md 
Formerly, Test Engineer, McDonnell Air- 
craft Corporation. 

Lieutenant Colonel Bantley H. Harris, 
Jr.. US.A.F. (T.M.), Senior Pilot, Air 
Force Flight Test Center, Edwards Air 
Force Base, Calif. Formerly, Student 
Officer (Graduate), Guggenheim School of 
Aeronautics, College of Engineering, New 
York University. 

William A. Konersman (T.M.), Design 
Engineer, Goodyear Aircraft Corporation 
Formerly, Research Associate, 
tical Research Center, 
Michigan. 

Gustav Kuerti (M.), 
Mechanical 


Formerly, 


, Executive Vice- 


Aeronau 
University of 


Department of 
Engineering, Case Institute 


Continued on page 68 
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= SY an PUSHER-TYPE planes were flying, 
a Thompson Products was starting 

ca the business of making precision parts for 
ie all sorts of engines. 

LF, Sodium-cooled valves and booster 
bio. | pumps are only two of the many 

ing Thompson developments that have made 
ical | flying one of the major means of 
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rly, transportation. Thousands of modern jet 
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1cts assembled from blades and buckets made 
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- the growth of aviation—indeed all modern 
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Executive Secretary Appointed 


Harry M. Lounsbury, of Riverside, 
Conn., a former Air Force engineering 
officer and employee of Vought-Sikor- 
sky, has been appointed Executive 
Secretary of the American Helicopter 
Society. 

He is making his home office at the 
Institute of the Aeronautical Sciences 
building, 2 East 64th Street, New York 
21, N.Y. However, about one-third 
of his time is to be spent on field trips 
according to Thomas R. Pierpoint, 
A.H.S. President. 

Lounsbury, who is 34 years old, has 
been with Eastern Air Lines since 1946. 
Starting as a reservations agent, he 
later became a traffic and sales repre- 
sentative in New York, promoting air 
travel accounts and taking part in the 
company’s promotional activity in the 
Wall Street area. 

Born in Danbury, Conn., Lounsbury 
was educated at the Wooster Prepar- 
atory School in that city and in 1940 was 
graduated from the Stewart Technical 
School of Aeronautics in New York. 
He was issued C.A.A. Aircraft and Air- 
craft Engine Master Mechanic’s Li- 
censes. 

He was first emploved in the final 
assembly department of the Vought- 
Sikorsky plant in 1940, working on 
OS2U-1, SB2U-1, and XPBS projects. 
Prior to test flights, he spent some time 
working on the VS-300 Sikorsky heli- 
copter. 

The day after Pearl Harbor, Louns- 
bury enlisted in the A.A.F. as an Avia- 
tion Cadet, but later he was assigned to 
engineering. He attended the Air Force 
O.C.S. in Florida and was commissioned 
in October of 1942 

During the next 4 years, he served in 
the Pacific as an Engineering Officer 
with squadrons flying B-24, B-25, and 
A-20 aircraft 
Captain. 

For a short time after the war, he was 
employed as Curator of the Museum of 
the Institute of 
ences. 

Lounsbury is 
children. 

In his new assignment for A.H.S., he 
is charged with keeping affairs of the 
home office in order, building up the 
society’s membership, maintaining close 
liaison with regional activities, and com 


He left the service as a 


the Aeronautical Sci 


married and has two 


piling the necessary society history. He 
is also to lend active assistance to the 
regional vice-presidents in carrying out 
their local programs 

“This appointment,’ A.H.S. President 
T. R. Pierpoint said in his announce 
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Harry M. Lounsbury 


ment, 
employee. 


A.H.S. its first full-time 
It marks a big step forward 
in the society’s history, giving us a cen 
tral desk for the dissemination of infor 
mation and conduct of our affairs.”’ 


No Membership Chairman 


President Pierpoint has explained to 
the society’s officers that no chairman 
has been named for the Membership 
Committee because of the recent ap 
pointment of Secretary Lounsbury. 


‘gives 


“It has been agreed,” Pierpoint said, 
“that the permanent secretary should 
serve as the membership chairman and 
devote the major portion of his efforts, 
up to the beginning of next year’s 
Forum preparations, to the building up 
of the Society’s membership 

‘We are now just short of the 500 
mark and I personally feel we should 
have no difficulty reaching 1,000 before 
next 


year’s Forum by virtue of your 


Contributors to American 
Helicopter Sox iety News are 
urged *to keep in mind that it | 


takes about 6 weeks for copy 
| togetinprint. This page needs 
material the activity of re 
gional groups and_ individual 
member but it must be in the 
hands of the publicity chairman 
not late than the 5th of the 
month to appear in the issue of 
the month following. 
Addr tributions to Claude 
Witz Piasecki Helix opter 


Corporati Morton, Pa 
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individual programs and the applica 
tion of a full-time man to the pro 
gram.” 


Four A.H.S. Talks Printed 


Major W. P. (Mitch) Mitchell, 
U.S.M.C. Project Officer of HMX-1 at 
Quantico, Va., gave a talk on his Korean 
experiences recently at a meeting of 
mid-west A.H.S. members. 

Arranged by Vice-President Charles 
R. Wood, Jr., the session was held at 
the McDonnell Aircraft Corporation 
plant in St. Louis. Major Mitchell was 
attached to the first Marine helicopter 
squadron to operate in Korea. 


Copies of his talk have been prepared 
by McDonnell and will be distributed to 
members by the New York office. 


Another meeting was held by the 
West Coast unit, where papers were de 
livered by James Brye, Chief Aero 
dynamicist of McCulloch Motors, and 
Fred W. Milam, Operations Manager of 
Los Angeles Airways. According to 
Robert A. Wagner, West Coast Vice 
President, these papers are being repro 
duced by McCulloch for distributon to 
A.H.S. members. 


A fourth talk, one delivered by Wies 
lawz Stepniewski, Director of Aero 
dynamics at Piasecki Helicopter Cor 
poration, has been reproduced by his 
company and soon will be distributed. 
It was delivered this summer before the 
Canadian Institute of Aeronautical Sci 
ences 


Three Cities Bid for 1953 Forum 


A.H.S. now is a candidate in a popu- 
larity contest being conducted by civic 
groups. 


rhree major cities, impressed by re- 
ports of the last Forum, now want to 
play host for the society’s next meet 
ing 
and two cities in 
Cleveland and Columbus 
to be considered for 1953. 


Boston Ohio 


have asked 


Phe decision will be made at the 
September meeting of the Council, to 
be held late that month in New York 
President Pierpoint has promised that 
the question will be discussed, but he 
also has told Cleveland, Columbus, and 
Soston that A.H.S. is inclined to favor 
the Washington location, because it is 
central for the industry and most con 
venient for military guests 


CLAUDE O. Wirzt 
Publicity Chairman, A.H.S 
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jet-powered wings is next to impossible ... the windstream 
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Making non-skid walkways for airplane wings might not seem 
like a difficult problem. But keeping any kind of coating on 


tends to peel it off. 


The McDonnell Aircraft Company, makers of the Navy 
Banshee jet fighter, asked 3M for a product that would stay 
on, yet be flat enough not to set up wind resistance and affect 
the plane’s flight characteristics. 3\L engineers suggested this: 

primer coat of adhesive and a final coat of Corogard #22 
a non-skid coating. The new walkway passed all flight tests 
and is now part of the airplane. 


> 


Modern adhesives engineering is solving problems in many 
industries. When you investigate the possibilities of adhesives, 
come to 3M, leading producers of more than L000 adhesives, 


coatings and sealers that do a top-quality job in all industries. COMPANY 


sives ca ao or you 


usd 


Want to know more about 3M corrosion- and abrasion-resistant OVER 1,000 
coatings, or all-purpose Corogard coatings? Call > 3M sales- 
3M. Dept. 4 Piquette Detroit 2. ADHESIVES COATINGS SEALERS 


ADHESIVES AND COATINGS DIVISION e MINNESOTA MINING AND MANUFACTURING COMPANY 


411 PIQUETTE AVE., DETROIT 2, MICH GENERAL SALES OFFICE: ST. 7 6, MINN, 
EXPORT OFFICE: 270 PARK AVE., NEW YORK 17, N. Y. IN CANADA: LONDON, CANADA 
MAKERS OF SCOTCH” BRAND PRESSURE-SENSITIVE ADHESIVE TAPES e SCOTCH” BRANO SOUND RECORDING TAPE @ SCOTCHLITE BRANO 
WEFLECTIVE SHEETINGS @ ABRASIVE PAPER AND CLOTH ADHESIVES AND COATINGS @ ROOFING GRANULES CHEMICALS 
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THE MOST AMAZING ADVANCE 
IN TEST CELL SILENCING 


/ Developed by BLEN Corporation 
Engineered, Manufactured and Installed by ISC 


Developed to meet the problem of ever- 
increasing aircraft engine noise, “Sound- 
stream” is a new approach to test cell 
silencing. Radically new in design, revolu- 
tionary in performance, “Soundstream” 
installations offer more noise reduction 
for less total cost. 


In test cells treated with “Soundstream” 
the mightiest jets and reciprocating en- 
gines can be made “‘whisper quiet” during 
testing. With a single installation you can obtain maximum 
noise reduction over an exceptionally wide frequency band 
with minimum pressure drop. 


“Soundstream” is readily adaptable to meet your test cell 
requirements. ISC engineers will be happy to show you how 
“Soundstream” can fit your needs. 


For full details, write ISC TODAY. 


| ontrol Inc. 


45 Granby Street, Hartford 12, Conn. 


2119 SO. SEPULVEDA BLVD., LOS ANGELES, CALIF. 


SILENCE 
SERVICE 


OCTOBER, 1952 


( Continued from page 64) 


of Technology. Formerly, Consultant in 
Applied Mathematics, U.S. Naval Ord 
nance Laboratory, Silver Spring, Md. 

Dr. Peter Kyropoulos (M.), Associate 
Professor of Mechanical Engineering, 
California Institute of Technology. For 
merly, Assistant Professor of Mechanical 
Engineering, CalTech. 

Dr. Paco Lagerstrom (A.F.), Professor 
of Aeronautics, California Institute of 
Technology. Formerly, Associate Pro 
fessor of Aeronautics, CalTech 

Warner S. Lowe (T.M.), Flight Test 
Engineer, Consolidated Vultee Aircraft 
Corporation. Formerly, Graduate Stu 
dent, Guggenheiin School of Aeronautics, 
College of Engineering, New York Uni 
versity 

Marvin L. Luther (M.), Project Engi 
neer, Wind-Tunnel Section, Jet Propulsion 
Laboratory, California Institute of Tech 
nology. Formerly, Physicist, U.S. Naval 
Ordnance Test Station, Inyokern, China 
Lake, Calif. 

Emil A. Malick (M.), Assistant Mana 
ger, Bluebonnet Plant, Phillips Petroleum 
Company, McGregor, Tex Formerly, 
Technical Consultant and Supervisor of 
Jet Development Activities, Phillips. 

Michael A. Marchese (T.M.), Engi 
neer, Research Group, Grumman Air 
craft Engineering Corporation. Formerly, 
Engineer, Wing Design Group, El Segundo 
Plant, Douglas Aircraft Company, Inc. 

Carl J. Martin (T.M.), Administrative 
Engineering, Branch 15.05, National Bu 
reau of Standards, Corona, Calif. For 
merly, Aeronautical Engineer, Joint Long 
Range Proving Ground Division, U.S.A.F 
Patrick Air Force Base, Fla 

Dr. Philip R. Marvin (M.), now Vice 
President, Commonwealth Engineering 
Company. 

Colin Hugh McIntosh (M.), Consultant 
on Air Transportation, 1417 K St., N.W., 
Washington 5, D.C. Formerly, Vice-Pres 
ident—Operations, All-American Air 
ways, Inc 


William O. Meckley (M.), Manager of 
Engineering, Accessory Turbine Organiza 
tion, Aircraft Gas Turbine Division, Gen 
eral Electric Company. Formerly, Divi 
sion Engineer, Aircraft Accessory Tur 
bine Products, A.G.T.D., G-E 

Second Lieutenant Eugene D. Moen, 
U.S.A.F. (T.M.), Pilot Training, Box 693, 
Spence Field, Moultrie, Ga. Formerly, 
Work Order Clerk, Post Engineering, U.S 
Civil Service, Fort Benning, Ga 

James G. Murray (T.M.), Stress Engi 
neer, Structures Section, Airframe and 
Equipment Branch, Civil Aeronautics 
Administration Formerly, Mechanical 
Engineer, Naval Research Laboratory 

Lester W. Musser, Jr. (T.M.), now with 
Goodyear Aircraft Corporation 

Luigi D. Naticone (T.M.), Engineering 
Draftsman, North American Aviation, 
Inc. Formerly, Junior Engineer, Testing 
Detroit Arsenal, Mich 

Arthur W. Niergarth (T.M.), Liaison 
Engineer, Oliver Corporation. Formerly, 
Junior Engineer Boeing Airplane 
Company 
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Wilfred Nugent (M.), Commercial 
Engineering Group, Consolidated Vultee 


Aircraft Corporation. Formerly, Senior 
Design Engineer, A. V. Roe Canada, 
Ltd. 


Ensign Seymour Salmirs, U.S.N. (T. 
M.), U.S.S. Corregidor (TCVE-58), c/o 
Fleet Post Office, New York, N.Y. For 
merly, Graduate Research Assistant, 
Daniel Guggenheim School of Aeronautics, 
Georgia Institute of Technology 


Commander Raymond J. Schneider, 
U.S.N. (M.), Bureau of Aeronautics Rep 
resentative, Thompson Products, Inc 
Formerly, Development Officer, Aviation 
Armament Laboratory, Naval Air De 
velopment Center, Johnsville, Pa 


Dr. Raymond J. Seeger (A.F.), now 
Physical Science Administrator, National 
Science Foundation 


Charles D. West (T.M.), Development 
Engineer, Missiles Engineering Division, 
McDonnell Aircraft Corporation. For 
merly, Teaching Fellow, Applied Mechan 
ics Department, Virginia Polytechnic 
Institute. 


George William Wilson (M.), Senior 
Ministry of Supply Official, Directorate of 
Civil Aircraft Research and Development, 
St. Giles Court, St. Giles High Street, 
London W.C.2, England Formerly, 
Senior Ministry of Supply Official, British 
Ministry of Supply at Winter Experimen 
tal Establishment, Royal Canadian Air 
Force, Edmonton, Canada 
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In September of 1922, T. Claude Ryan(M.) (right) founded Ryan Aeronautical Company, which 


he still heads and actively manages. 


Thirty years ago, the assets of this business venture con- 


sisted of one war-surplus Jenny, a working capital of $25, and a piano box for a workshop 
Today, Mr. Ryan is the President of a multimillion-dollar concern that employs thousands 
of persons in a 38-acre plant for the purpose of manufacturing aircraft and aircraft parts on a 


prime- and subcontractual basis 


Corporate Member News 


e@ Aerojet Division of The General Tire & 
Rubber Company A new rocket pro 
duction facility has been activated on an 
8,400-acre site near Sacramento, Calif. 
This new plant of Aerojet Division (for- 
merly, Aerojet Engineering Corporation ) 
is scheduled to produce ordnance rockets 
(such as the Aeromite), JATO’s, guided 
missile boosters, and missile power plants 
Research, engineering, and metal parts 
fabrication are remaining at the company’s 
Azusa, Calif., plant. 

e@ Aeroproducts Division, General Motors 
Corporation .. . A Wright R-3350-85 com 
pound engine and an Allison T-40 turbo 
prop engine have been installed in test 
cells at Aeroproducts for use in checking 
propellers. The former engine will be used 
to check props for the Fairchild C-119, 
series G and H airplanes, while the latter 
power plant will check props for the Con 
vair R38Y, Douglas A2D, and North 
American A2J turboprop aircraft. 

e AiResearch Manufacturing Company, 
Division of The Garrett Corporation 
The Engineering Department has been 
moved into the new 37,500-sq.ft. engineer 
ing building at 9225 Aviation Blvd., Los 
This is the first time since 19438 
that AiResearch’s engineering activities 


Angeles 


have been housed under one roof 

@ Allis-Chalmers Manufacturing Com- 
pany R. S. Stevenson, formerly Vice 
President in charge of the Tractor Divi 
sion, was recently elected Executive Vice 


President of the company. Mr. Stevenson 
was succeeded to his former post by Willis 
G. Scholl, who had been Vice-President 
and General Sales Manager of the Tractor 
Division and who was succeeded in this 
position by Frank Mussell, Eastern Terri 
tory Manager of the Tractor Division 


@ Allison Division, General Motors Cor- 
poration The longest flight attempted 
to date by an American turbine-powered 
transport plane was accomplished last 
July when the Turbo-Liner was delivered 
to Allison in Indianapolis, Ind., from 
Edwards A.F.B., Calif. Allison plans to 
use the Turbo-Liner, which is powered by 
two 2,750-hp. Allison turboprop engines, 
in an extended flight test research pro 
gram Upon the completion of these 
tests, it is expected that the ship will be 
turned over to some of the air lines for 
cargo service under actual transport oper 
ating conditions 


e Aluminum Company of America A 
huge new rolling mill, costing approxi 
mately $4,500,000 and capable of producing 
extra-wide tapered sheet and plate for ait 
craft, will be installed at Alcoa’s Daven 
port, Iowa, works by late 1953 This 
equipment will be designed, installed, and 
operated by Alcoa under terms of a lease 
arrangement with the U.S.A.F. Air Ma 
teriel Command, who will have first call 
upon the production of the new mill 
The mill, capable of rolling widths up to 10 
ft. through four-high stands or rolls, will be 


able to handle hot or cold ingots and will 
be reversible 

e American Airlines, Inc. The Medical 
Division has established a_ residency 
for civilian physicians and flight sur- 
geons who wish to specialize in aviation 
medicine. A doctor qualifying will be 
given a year’s course in all phases of avia 
tion medicine. The resident will be based 
at American’s Medical Division head 
quarters at LaGuardia Field, New York. 


@ Beech Aircraft Corporation Sales 
and production activities for the military 
services of the United States and allied 
countries include versions of four different 
Beechcraft models 

@ Boeing Airplane Company A KC 
97E Stratofreighter, powered by Pratt & 
Whitney Wasp Major R-4360-59 engines, 
successfully completed its tests at a gross 
weight of 175,000 Ibs Normal gross 
weight of the KC-97E is approximately 
150,000 Ibs i 
e The Bristol Aeroplane Company of 
Canada, Ltd. The sectional Bristol 
Proteus turboprop engine, recently ex 
hibited during the Society of Automotive 
Engineers’ show at New York Interna 
tional (Idlewild) Airport, New York, is 
being shown by Bristol throughout the 
United States and Canada 

@ Cessna Aircraft Company Shoulder 
harness fittings are being offered as a stand 
ard provision in the Cessna 170 for the 
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THE XF4D-1 POSES FOR ITS FIRST AIR PHOTO 
The X F4D-1 Skyray, shown in its first air picture, was 
Aircraft Company, Inc., as a carrier-based aircraft. Th 
undergoing flight testing, is scheduled for production at the D 


pilot and passengers. The shoulder har- 
ness in question is said to be capable of 
withstanding 20 g’s. 


@ Consolidated Vultee Aircraft Corpora- 
tion ... A. P. Fontaine, A.F.1.A.S., who 
has been serving as Vice-President and 
General Manager of Convair, has been 
elected Executive Vice-President of the 
corporation. 

Curtiss-Wright Corporation... Paul \. 
Shields has resigned from his position as a 
Director of the corporation. 


@ Douglas Aircraft Company, Inc.... A 
new jet-aircraft escape cockpit capsule, 
which is sealed and pressurized to protect 
the jet pilot against atmospheric conditions 
prevailing above 50,000 ft., was designed 
at the Douglas El] Segundo Plant for the 
Navy’s Bureau of Aeronautics. Expelled 
by the pilot from the aircraft by means of 
a rocket charge whenever escape becomes 
mandatory, the capsule is equipped with 
three aft fins that unfold to stabilize it. A 
small pilot chute and a large main chute 
are furnished to slow down the capsule and 
to lower it gently to the earth’s surface. It 
floats upright on water with wave motions 
pumping fresh air into the sealed and in 
sulated compartment. Survival gear is 
included in the escape capsule... . What 
Douglas terms “a new universal bomb 
shape”’ was announced on July 14. Des 
ignated the Aero X-1A external store, it 
was designed for the Navy’s Bureau of 
Aeronautics for external use on many 
modern combat planes and will, Douglas 
officials state, permit flight at 50 m-.p.h 
faster than when the World War II type 
bomb is used. Contoured to produce thie 
lowest drag possible when installed on 
transonic or supersonic aircraft, the new 
armament container is said to be standard 
ized for universality of application as a 
single aerodynamics shape adaptable to 
airplanes now in service and those antici 
pated for many years. The shape of this 
new external store is like that employed by 
the external fuel tanks now undergoing 
flight tests for the Navy’s F3D Skynight 
night fighter The Long Beach Division 
will engineer and build the twin-jet swept 
wing RB-66 jet reconnaissance bomber 
for the Air Force. The RB-66, the U.S. 
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official name as yet—was recently formed 
as a new section at the Lynn River Works 
of G-E’s Aircraft Gas Turbine Division 
This new operation is responsible for the 
design, manufacture, and sale of turbine 
driven accessories for jet engines and air 
craft. Its manager is John P. Turner, Jr 
W. O. Meckley, M.I.A.S., was appointed 
Manager of Engineering, and H. M. Wales 
was named Manager of Sales A G-E 
dewpoint recorder has been installed in 
N.A.C.A.’s 4- by 4-ft. supersonic wind tun 
nel at the Langley Aeronautical Labora 
tory, Va. This is one of the first reported 
applications of this device in a supersonic 
wind tunnel. William Rogers Herod 
has been elected a G-E Vice-President 
Mr. Herod will continue as President of 
International General Electric Company, 
Inc., although as of last July 31, Interna 
tional G-E ceased functioning as a wholly 
owned affiliate of General Electric Com 
pany and became one of its divisions. In 
ternational G-E, however, is retaining that 
na ne and will continue to have the same 
responsibility for the conduct of the com 


l and deve loped by Douglas 
gh-speed Navy fighter, now 
El Segundo Plant 


A.F. version of the Navy A3D, carries a pany’s foreign business. Mr. Herod and 
three-inan cr ind is rated in the 600-700 the other officers of International G-E will 
m.p.h. cla Che European headquar retain their titles and continue in the same 


ters has bee 
gium, to Geney 


moved from Brussels, Bel capacities. 


Switzeriand Globe Corporation, Aircraft Division 


and Summers Gyroscope Company 

Scheduled to go into production this fall is 
Globe’s newly developed target aircraft, 
K D6G-2. The KD6G-2 is powered by an 
inverted 4-cylinder engine especially de 
signed for this drone aircraft and manufac 
tured by Kierkhofer Aeromarine Motors 
It is said to be the highest speed target 
drone yet developed. Control systems and 


@ Elastic Stop Nut Corporation of America 
and Tinnerman Products, Inc. A bro 
chure entitled ‘“‘Locknuts” was recently 
put out by the Locknut Section of Indus 
trial Fasteners Institute. 
description and 
representative 


In it is given a 
principle of operation of 
types of locknuts. Among 
the sponsors of this publication are Esna 
and Tinnermat 


@ General Electric Company .. . An ac- components for the KD6G-2 are being 
cessory turbine organization—it has no manufactured by Summers. 


Flight Refu Inc., ha 


proposed a refueling method, using the probe-drogue system, by 
hich Wor 


refucled simultaneously from a single tanker at 
iccompanying artist’s drawing, Flight Refueling’s method calls for the 
installation al tunker’s wing tips of relatively lightweight hose reels; the entire refueling 
operation ¢ {led remotely by the tanker crew 1 forerunner of this system, developed 
by Flight Refuelu vas used to refuel the U.S.A.F.’s Boeing B-50 bomber, “Lucky Lady,” 
which accompli the first nonstop round-the-world flight in March, 1949. 


aircraft can be rcrajl 


As indicated } 
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BREEZE 
M AOR K 


om ducts, pressure lines, and high and 
ind low temperature applications. Mate- 
will rial, shapes and sizes to specification. 


LINC 


ion 
is 
ift, 
an 
oo Precision worm drive — for aircraft, 
“a automotive, marine, special-purpose 
whe and industrial use. Vibration-proof 
get —will not work loose. Corrosion- 
ind resistant steel. 
ing 
You benefit from 25 years of 
engineering design and manufacturing 
experience when you call on Breeze 
for precision production. Breeze offers 
an extensive line of quality products 
Electrical, mechanical, and hydraulic 
- actuators for aircraft controls, valve or aviation, Communications, 
ra closures, landing gear, or virtually automotive and general industry. 
any other type of equipment to man- eH 
ufacturer’s specifications. In addition, Breeze offers complete 
7 engineering services for the design 
and development of specialized 
electrical and mechanical devices. 


“Job engineered” to meet your re- Breeze products meet the latest government specifications. 
quirements and make possible the 
use of bellows in applications where 
they could not previously be con- 
sidered. 


| 


For electronic, aircraft, ordnance 
= and communications equipment 
od Water-tight or pressure sealed types, 41 South Sixth a Newark “ Nit. 
get panel types, quick disconnects, or 

other types for your new and special 

applications. 
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Here’s why those in the know 
— demand 


Screw ejection system for 
engaging and disengaging 
contacts. 


Hand tinning keeps solder 
inside cups. 


All pin and socket con- 
tacts precision machined 
from solid bar stock, gold 
or silver electroplated. 


Inserts may be removed 
from front or rear of shell. 


Two-to-one ratio gears 
for remote engagement 


Universal joint accommo- 
dates angle drive shaft. 


Radio tuning 
shaft adapter. 


Tapered shells automatically 
center contacts for engagement. 


& 


This highly specialized DPD2 Cannon Plug, a member of the DP - i < 

Series, has its principal use in aircraft instrument panels and | Za = 
remote radio control equipment. But, like many other Cannon \ —— V 
Plugs, it has found its way into other fields where the highest 


quality is needed and where the value of long, trouble-free per- Connector is separated by turn- 


formance is recognized. ing slotted shaft here. Complete 
unit may then be removed from 
Originally this 2-gang connector was designed to assist in the pedestal, shown below 


standardization of radio and instrument assemblies so that such 
equipment might be interchanged between similar aircraft. It allows 
for compact design in close quarters with access from the front 
only. This type of application and variations of the fittings are 
shown at right. Any Cannon DPD insert may be placed within the 
shell, with or without tuning shaft, coax, twinax, large or small 
contacts, provided the separation forces of both halves are similar 

This plug typifies the close attention to important detail that 
distinguishes every Cannon Plug —the world’s most extensive line 
If you are looking for real value, regardless of the field you work 
in, your best bet is Cannon. 


CANNON 
ELECTRIC 


Since 1915 
CANNON ELECTRIC COMPANY 
LOS ANGELES 31, CALIFORNIA 


Factories in Los Angeles, Toronto, New Haven. Representatives in prin 
cipal cities. Address inquiries toCannon Electric Company, Dept. j 405 
P.0. Box 75, Lincoln Heights Station, Los Angeles 31, Calitornia 


eft) Same Cannon Plug without tuning 

haft. Straight drive instead of 90° 
gear. (Right) Similar DPD2 with Dzus 
wing nut extraction method and junc 
tion shells. There are several other vari 
ations. Write for details 
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© Industrial Sound Control, Inc. 

Twenty-five thousand pounds of ‘Sound 
metal’ panels were ordered by Kaiser 
Manufacturing Company on a Thursday 
This sound-proofing material was fabri 
cated by I.S.C. over the week-end, flown 
to Kaiser the following Monday, and com 
pletely installed in an aircraft-engine test 
cell by the next Thursday evening. The 
treated cell was taken over by the U.S. 
A.F. on the subsequent Monday, 11 days 
after the initial placing of the order 


e@ Jack and Heintz, Inc. A 16-kva 
alternator for use in guided-missile air 
craft has been developed. This 400-cycle 
12,000-r.p.m. unit is cooled by water in 
jection; the cooling water passes through 
the alternator’s hollow shaft and is sprayed 
through four openings against the internal 
surfaces of the unit. The steam arising 
from the resultant water evaporation is 
emitted through a port. Three and one 
half pounds of water are required per 
hour 


@ Lear, Inc. The new Learpilot in 
cludes a monitoring device that auto 
matically cuts off the autopilot —and warns 
the human pilot by various signals —when 
ever a malfunctioning occurs that would 
normally result in a violent maneuver of 
the aircraft 

@ Lockheed Aircraft Corporation A 
new concrete-reinforced fuselage is now 
being used as a test jig for research in new 
types of jet airplane canopies. (Light 
weight vermiculite offered a simple and 
economical method of strengthening the 
standard fuselage to withstand overload 
tests.) The new canopies are being pres 
surized up to three times greater than 
normal. The first transparent plastic 
cockpit covers being tested in the concrete 
rig are designed for the F-94C Starfire in 
terceptors. Other models of new Lock 
heed-developed canopy designs are also 
scheduled to undergo complete series of 
tests during the latter half of 1952 

A new series of deliveries of P2V-5 Neptune 
antisubmarine bombers to Great Britain 
and Australia was announced last July 
Burt C. Monesmith, who has been Manu- 
facturing Manager at Lockheed’s Cali- 
fornia division since 1950, has been elected 
a Vice-President of the corporation. His 
new title is Vice-President and Manufac- 
turing Manager. 

The Glenn L. Martin Company... A 
flexible gunnery trainer, designated the 
T-18, has been developed by Martin elec- 
tromechanical engineers for the Air Force 
in connection with its strategic bomber 
program George B. Shaw and Daniel 
W. Siemon have been elected Vice-Presi 
dent — Procurement and Vice-President 
Industrial Relations, respectively 


@ McDonnell Aircraft Corporation 

Several major changes in the executive 
organization include the establishment of 
a Contracts Division, a Sales and Service 
Division, and a Personnel and Public 
Relations Division. Vice-President Rob 
ert H. Charles ts in charge of the Con 
tracts Division; John Aldridge, formerly 
Manager of Customer Contracts, ts in 
charge of Sales and Service; and William 
R. Orthwein, Jr., formerly Manager of 
Personnel, is in charge of Personnel and 
Public In addition to the 
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f above, several changes were made in the 


nd- § channels thtough which specified offices 
iser report to higher executive levels, and 
jay minor alterations were carried out within 
bri major divisions to fit the new organiza 
wi tional pattern 
Minneapolis-Honeywell Regulator Com- 
rhe pany A new jet-engine laboratory, 
S. equipped with a network of highly com 
ol plex electronic computers, controllers, and 
‘ relays, has been established by the com 
pany’s Aeronautical Division to acceler 
KVa ite development work on jet-engine con 
air trols. The new laboratory, housed in a 
rele separate building, has a capacity of 50,000 
in ibs. of fuel flow an hour. .. . The automatic 
ugh pilot for helicopters, recently perfected by 
yed the company’s Aeronautical Division in 
‘nal cooperation with the U.S.A.F. and Pia- 
‘ing secki Helicopter Corporation, is now in 
1 is production and is earmarked by the Air 
yne Force for use in the Piasecki H-21 Work 
per Horse. .. . A series of aircraft fuel gage 
conferences has been inaugurated by 
in Minneapolis-Honeywell in cooperation 
ito with a number of major airplane manufac 
ea turers. The first such conference was held 
en last summer at Minneapolis-Honeywell’s 
uld Aeronautical Division. . ; James H 


r of Binger, who has been Vice-President and 


General Manager of the company’s Bel- 


field Valve Division, was elected a Vice 977 hors DOUGLAS 


1OW 


new @ North American Aviation, Inc. The a 
sht F-86H will go into production late this ‘ : 403 AIR 


Only the 


the first two models of the will be pro 4 
oad duced at the company’s Los Angeles plant uses 
res- | Armament will include 0.50 cal. machine 
han guns; the ship will also have an improved M FLETRON 
stic suspension and release mechanism for car 
rete rying wing tanks in conjunction with 
in- | bombs or rockets pressure actuated 
Northrop Aircraft, Inc. Northrop SWITCH FS 
if Aeronautical Institute has been granted a 
« 
contract by the Ordnance Corps of the 
une | U.S. Army to provide technical assistance Fee Oa on the Douglas LISAP mn 
in the establishing of a training school for C-124 Globemaster 
guided missile personnel at Redstone 
me Arsenal, Huntsville, Ala. At this training sare oe MELETRON pressure 
‘ali base, selected Army officers and enlisted ‘ss iera actuated switches pro- 
sail personnel will be trained in the funda vide automatic control 
His mentals, principles, procedures, and tech 
niques applied in the operation, repair, and of any syste 
: maintenance of guided missiles. This is ae rig’ sing changes in pressure. 


the first school of this type to be estab 


A lished by the Ordnance Corps under the 3 i 
the Ordnance Training Command, with head 
‘lec quarters at Aberdeen Proving Ground, ae MI EL CORPORATION 
ne _ 950 NORTH HIGHLAND AVENUE, LOS ANGELES 38. CALIFORNIA 
niel © Phillips Petroleum Company Phe 
awe U.S. Air Force has designated Phillips to 
it operate the Bluebonnet Plant at Me 


J. M. WALTHEW CO., Boeing Field, Seattle. THOMSON 
ENGINEERING SERVICE, 708 Hemphill St., Fort Worth 
and 732 So. Broadway, Wichita. ROUSSEAU CONTROLS 
Ltd., Montreal Airport, Dorval, Canada. W. M. HICKS, 


Gregor, Tex. The plant will produce au 
craft JATO units that consume solid fuel 
and have no moving parts. Personnel to 


ave start the preliminary engineering work was *@ 29-27 Bridge Plaza North, Long Island City, New York 
t of moved to MeGregor last summer. E. F j 
er Kindsvater is the manager of the new pro} 
7“ ect, and Emil A. Malick, M.LA.S., is his 
tob } assistant A Rocket Fuels Division has 
any been created at Phillips 
erly 
in Republic Aviation Corporation DK 
am lasker, who for the last 3 years has man 
r of iged the company’s experimental and test 
and flight activities at Edwards Air Force 


the Base, Calif., was appointed Executive As 
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YOUNG MEN 
OF VISION. 


Their future is based on decisions made today. The 
secret of success at Indiana Gear is to visualize... 
create... prove ...and then move on to conquer the 
next problem. Indiana Gear proves from past success 
in a highly competitive business that its policy of using 
master craftsmen, fine equipment, skilled sub- 
contractors, and ‘young men of vision,” exemplifies the 


perfectly coordinated planning so necessary to solve the 


gear problems of today. 


The driven gear shown here is 5” in pitch diameter & oe 
and 15” long overall. It is carburized and hardened 

with heat-treating distortion held within .0O1”. 


INDIANA GEAR WORKS e INDIANAPOLIS 7, INDIANA 
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sistant to Tom Murphy, Vice-President 
and Assistant General Manager of Re 
public. 


@ Seaboard & Western Airlines, Inc., and 
Curtiss-Wright Corporation Seaboard 
& Western’s new air-freight fleet of five 
Lockheed 1049B Super Constellations, 
powered by Wright Turbo Compound 
engines, will be equipped with Curtiss 
Electric Propellers. Delivery is scheduled 
from Lockheed early in 1954 


® Solar Aircraft Company Rear Ad- 
miral Wilder D. Baker, U.S.N. (Ret.), 
has become Consultant to the President of 
Solar. 


@ Sperry Gyroscope Company, Division of 
The Sperry Corporation . The contract 
recently announced between the Air 
Navigation Development Board and 
Sperry Gyroscope calls for a 2-year flight 
research program aimed at improving 
flight safety during instrument-weather 
approaches to the nation’s air terminals 
The program was initiated last July. In 
order to study weather measurement tech- 
niques and their relation to flight operation 
under actual visibility conditions, Sperry 
flight research pilots, engineers, and tech 
nicians will fly 1,000 test approaches 
through low ceilings at MacArthur Field, 
L.I., N.Y. Engineering and_ technical 
assistance has been provided by the U.S. 
Weather Bureau, and meteorological in- 
struments developed by the Weather 
Bureau and the National Bureau of 
Standards are being utilized. Specifi- 
cally, this A.N.D.B.-sponsored study will 
evaluate various methods of measuring and 
reporting weather conditions from the ap- 
proach zone on the ground. Simultaneous 
observations made from the test aircraft 
in flight will be synchronized with those 
on the ground. Data so collected should 
show whether approach-zone weather con- 
ditions can be observed and reported to the 
pilots of incoming aircraft with sufficient 
accuracy so that the pilot really knows in 
advance at what altitude he will make 
visual contact. 


® Thompson Products, Inc. . . . Present 
plans of the U.S. Navy call for the con 
struction of a jet-engine test laboratory at 
Painesville, Ohio, and for its operation by 
Thompson Products. 


e Trans World Airlines, Inc. Ten 
Super Constellations are being put into 
coast-to-coast service some time this fall 
This will augment the line’s existing fleet 
of 68 Constellations. .. . John L. Weller, 
who has been an Assistant Vice-President 
of T.W.A. since April, 1951, was elected a 
Vice-President of the corporation 
Brigadier General Nelson S. Talbott, Di- 
rector of T.W.A. since December, 1936, 
died suddenly at his home in Dayton, 
Ohio, on July 6, 1952. 


@ United Air Lines, Inc. Plans have 
been announced whereby the engines and 
propellers on United’s Douglas DC-6’s and 
DC-6B’s and Convair 340’s will be stand- 
irdized within the next 2 years at the cost 
of $2,000,000. Pratt & Whitney DC-16 
engines will be used, as well as Hamilton 
Standard square-tipped high-activity pro 
pellers Rexford E. Bruno, who was 
Assistant to United’s Vice-President—Fi 
nance and Property, hasbeen elected Comp 
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troller of the company. Mr. Bruno suc- 
ceeds Carroll E. Blanchar to this posi- 
tion. 

e Westinghouse Electric Corporation . . . 
The existing contract between the Atomic 
Energy Commission and Westinghouse 
has been modified to include developmen- 
tal work on a nuclear power plant suitable 
for propulsion of large naval vessels such 
as aircraft carriers. The work will be 
centered at the Bettis Plant, near Pitts- 
burgh, Pa., operated by the Westinghouse 
Atomic Power Division. Westinghouse is 
already under the terms of the A.E.C.- 
Westinghouse contract, building the 
atomic power plant and all associated pro- 
pulsion equipment for the Navy’s first 
atomic submarine, U.S.S. Nautilus.” 


|.A.S. Sections 


Baltimore Section 


J. F. Maloney, Secretary 


As has become the custom, the annual 
spring meeting, this year on June 3, was 
preceded by cocktails on the terrace of 
the Aeronautical Building at The Johns 
Hopkins University. A gratifying num- 
ber of wives and guests was present at 
the dinner served in Levering Hall at 
7:30 p.m, 

The meeting was called to order by 
Chairman Fred Jewett after the dinner. 
At the speakers’ table were: G. Bunker 
and J. Sweetser, of The Glenn L. Martin 
Company; A. J. Kullas, the newly 
elected Chairman; Mr. and Mrs. Ralph 
Draut; and Rear Adm. Calvin M. 
Bolster, Deputy and Assistant Chief of 
Naval Research. Admiral Bolster was 
introduced by Mr. Draut, Program 
Committee Chairman, and spoke on 
“Current Aspects of Naval Research.” 

The speaker related experiences in 
early attempts to attach and detach 
airplanes to rigid airships and to land 
and take-off from carriers. Methods of 
catapulting airplanes from ships have 
been considerably improved from the 
time in 1940 when only five catapult 
take-offs were made during that year. 
Catapults involve first supplying tre- 
mendous amounts of energy in a short 
time and space and then decelerating 
rapidly. In 1940, 1,000,000 ft.lbs. were 
whereas present catapults 
must supply energy at the rate of 
27,000,000 to 54,000,000 ft.lbs. The 
heart of all modern catapults is the V-1, 
and the best modern catapult is the 
British steam model, which the United 
States is planning to produce 


required, 


Ihe speaker definitely believes the 
‘nih.’ (not invented here) philosophy 
has no place in research, because the 
best available equipment must be ob 
Naval re 
search has the responsibility of develop 
ing equipment and methods at the least 


tained regardless of origin. 
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SERVICES 
1-, 
speed Syn- 

chronous 
AC Dynamically 
Braked 
Adjustable speed 
Governor-Con- 
trolled 
Self-Starting 
Reversible 
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ELINCO 


SUB-FRACTIONAL MOTORS 
AND GENERATORS 


This time, try Elinco on that “special” problem 
of instrumentation. With hundreds of variations 
on over 600 basic models already manufactured, 
you may find that your special problem has been 
“pre-engineered” in the design files at Elinco. 
In tachometers, for instance, Elinco has devel- 
oped countless high-precision variations of: 


AC TACHOMETERS DC TACHOMETERS 


2-4-6-12 Poles 0.9 to 10 Volts at 100 r.p.m. 
1-2-3 Phase Voltage Output Linear 
Standard Units With Speed Within 

Sine Wave Units 1% in Either Direction 


FEATURES 


Instrument-type precision ball bearings. 

Every unit balanced dynamically . . . and 
individually tested under specific 
load conditions. 

Ultra-precision manufacture of all parts. 


PLUS 
ANY physical or electrical variation to 
meet your specific requirements. 
OVER 600 basic models with hundreds 
of variations already manufactured. 


TYPES 
AC e 
Servo e 


RATINGS 
PHASES 


WINDINGS 
Compound e Shunt e Series 
Separately Excited e Split Field 
Permanent Magnet e Reluctance 
Hysteresis e Stabilized Hysteresis 
Induction e Drag Cup 


PLEASE 


.. . Outline your problem in full detail when 
requesting quotations or literature. We have 
NO STOCK UNITS, no “mass-produced” units 
available. Every ELINCO unit is a precision 
instrument, specially designed and manufac- 
tured to meet your highest specific perform- 
ance standards. 


DC e Universal 
Self-synchronous 


1/3000 to 1/6 H P 


One-, two-, and three-phase 


ELECTRIC INDICATOR CO. 


CAMP AVENUE e SPRINGDALE « CONN. 
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Baltimore Section’s Annual Spring Meeting: 
and their wives and guests are shown before the 
Hopkins University. 


expense consistent with worth-while 
results. 

Concerning carrier landings, Admiral 
Bolster described the Davis nose wheel, 
which trips the arresting system and also 
the barrier net to stop the airplane with 
out danger of decapitating the pilot. 

At the conclusion of his speech, 
Admiral Bolster commented on movies 
showing two Cessna airplanes, one of 
which had boundary-layer control fea 
tures, as they made approaches, land- 
ings, and take-offs. 

After thanking Admiral Bolster for 
his entertaining talk, Mr. Jewett called 
upon Secretary M. F. 
nounced the results of 
officers for 1952-1953. 
lows: 


Taylor who an 
the election of 
They are as fol 
Chairman, A. J. Kullas; Vice 
Chairman, J. P. Paine; Secretary, J. F. 
Maloney; Treasurer, L. F. Freitag; and 
Area Counselor, W. D. Van Zelm. The 
Advisory Board consists of W. W. 
Bender; W. A. Bortner; H. Pusin; 
M. F. Taylor; F. D. Jewett; W. W. 
Symington, Jr.; and G. §. Trimble, Jr. 
Mr. Kullas then assumed his duties as 
Chairman and, after a few 
marks, adjourned the meeting 


brief re 


Buffalo Section 


George B. Melrose, Jr., June 


Committee Chairman 


Progra m 


Willy Ley, noted author, lecturer, and 
space travel authority, was the guest 
speaker at the sixth and closing meeting 
of the 195] The meeting 
was held on June 18 at the University of 
suffalo and was cosponsored by the 
Niagara Frontier Rocket Society. Mr. 
Ley’s interesting and informative ad 
dress on ‘‘Man’s Conquest of Space’”’ 
was enthusiastically 


1952 season. 


received by an 


AERONAUTICAL 


ENGINEERING REVIEW 


A group of the Baltimore Section members 
Dinner Meeting held on June 3 at The Johns 


audience of 
guests 


over 700 members and 


John van Lonkhuyzen, Chief of Tech 
nical Departments, Bell Aircraft Cor 
poration, introduced the speaker. On 
the program committee were Les Fero, 
JZernie Goldman, Al Krivetsky, 
George Melrose—Chairman. 

Mr. Ley began his lecture with the 
history of the development of rocket 
engines —the 
craft. He 
principles of 


and 


power plant for space air 
outlined the fundamental 
jet propulsion and told of 


the early liquid-propellant rocket ex 
periments that took place here and in 
German Mr. Ley was one of the 


pioneers in rocket research and a founder 
of the German Rocket Society prior to 
coming to the United States in 1935. 
Successful rocket firings and flights were 
then few and far between. The rapid 
advances in the aeronautical field which 
were made during World War II and the 
period that followed have pointed 
the way for the development of an arti 
ficial satellit 
A colored fil 
of the Martin 
shown a 


space station. 

m of the testing and firing 
Viking”’ test vehicle was 

example of current achieve 
Viking has reached an alti 
iles which is approximately 


ments. he 
tude of 2501 


one-quarter of the 1,100-mile altitude 
proposed for the space station (2-hour 
orbit) 

Phe speaker emphasized that no new 
basic discoveries yare needed rhe 


fundamental inventions have been made 


and need only to be applied toward the 
specific In order to make space 
travel a reality, however, an extensive 
scientific will be required. Mr 
Ley estimated that a manned space 


station could be designed and put into 
operation in 10 to 15 vears for a total 
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cost of between $3,000,000,000—4,000,- 
000,000. Congress could get the project 
under way immediately by appropriat- 
ing $300,000,000 annually, less than the 


current atomic-energy development 
budget. Some of the major problems 


arising in establishing a space station 
were discussed. Mr. Ley indicated that 
a three-stage rocket would be required, 
that the probability of meteoric damage 
is very remote, that cosmic dust parti- 
cles should cause no serious problems, 
that medical experiments have already 
shown that pilots can tolerate the re- 
quired acceleration rates and durations, 
etc. 

The public is becoming increasingly 
aware of the advantages of a space sta- 
tion for observing enemy activities 
closely and as a launching platform for 
guided missiles. Mr. Ley emphasized 
that the need for beginning development 
of a space station is apparent and that 
it should be started now since we cannot 
afford to let some other nation dominate 
the world’s skies. 


Columbus Section 
S. A. Gordon, Secre tary 


The second meeting of the Columbus 
Section was held at the Seneca Hotel on 
July 1. Approximately 50 guests and 
members were in attendance. 

The meeting was preceded by a din 
ner. Chairman Dave Williams opened 
the business by calling for the usual re- 
ports, which were read and approved. 

The speaker of the evening, Eugene 
lr. Manganiello, gave a talk on research 
on supersonic propulsion, in which he 
pointed out that intensive effort is under 
way in all the principal aeronautical 
laboratories on problems associated with 
Most in 
tensive effort is being directed toward 
research on the propulsion systems for 
producing extremely high thrust. He 
pointed out that, while supersonic flight 
has already been achieved in research 
airplanes such as the X-1, further re 
search is required to provide the basic 
data and design information for practi 
cal supersonic flight. 


flight at supersonic speeds. 


An outline of the 
major problems in the supersonic pro 
pulsion field was presented, and some of 
the research efforts now in progress were 
given. The talk 
slides and a movie 


was illustrated by 
Mr. Manganiello’s talk was enthusi 
astically received, and the meeting was 


adjourned at approximately 10:30 p.m 


Dayton Section 


Charles L. Hall, Secretar 


The May 28 meeting of the Dayton 
Section marked the end of 
series of programs 
bers of the Advisory 


a successful 
Officers and mem 
contributed 
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The eyes of this Sperry engineer are on 
even while tl closely 
observe the performance of aGyropilot’ 
flight control system being vibration 
tested at 500 cycles per second on a 
shake table. All Sperry equipments 
are being constantly “tortured” and 


tomorrow 


exposed to conditions more rigorous 
than they may undergo even in tomor- 
row’s aircraft. 


In laboratory, test-cell — and its great 
Flight Research Center at MacArthur 
Field, Long Island—Sperry develops 
and improves its aeronautical equip- 
ment — and seeks true answers to the 
flight control problems of the future. 


GREAT NECK, NEW YORK + CLEVELAND 


IN CANADA SPERRY 


GYROSCOPE 


ENGINEERING 


SOO 


REVIEW 
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shakes 


per second 


Today, because of this research back- 
ground, modern Sperry flight controls 
are successfully flying jets, airliners, 
executive craft, helicopters, lighter- 
than-air ships and guided missiles. 


For these widely diversified aircraft, 
the Sperry automatic pilot provides 


GYROSCOPE COMPANY 


DIVISION OF THE SPERRY CORPORATION 


NEW ORLEANS + BROOKLYN 


COMPANY OF CANADA 


LOS ANGELES 
LIMITED, 


consistently smooth, precise automatic 
flight under all flight conditions. 


Many other answers will come—as they 
have for 40 years—from Sperry’s pio- 
neering leadership, skill, experience 
and tomorrow-mindedness in develop- 
ing automatic flight controls. 


SAN FRANCISCO 
MONTREAL, 


SEATTLE 
QUEBEC 
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Typical simplicity of Emery System for con- 
tinous precision weighing of tank contents 


HERE’S WHY ... Emery System completely self-contained @ Fast response 
to load changes (less than 1/2 second) Accuracy within 1/10 of 1% 
of range e Less than 0.005-inch deflection under full load e No main- 
tenance required. 


THE PROBLEM .. . Determine accurately weight of liquids frequently 
added and withdrawn from 6000-pound capacity tank mounted mostly 
below floor level. 


THE SOLUTION ... . Three-point tank mounting on two Emery Flexure 
Pivots and one Emery EC-30 Load Cell. The dial of the 16-inch direct- 


ea Emery Load Indicator is calibrated to indicate precise net con- 
tent of tank. 


P. S. ... Emery Response valve between load cell and indicator elimin- 
ates hydraulic surge . . . permits use of recorder or controller in addition 
to indicator in any Emery installation, at any distance. 


ADDITIONAL ADVANTAGES 


LOW COST... Emery Force Measurement Systems are lowest in initial 
cost, operation cost, and require no maintenance. 


WIDE RANGE... Stock sizes available for precision measurement of one 
to 100,000 Ib. Special sizes, up to 10,000,000 Ib. 

CONTROLLED RESPONSE ... . Simple valve adjustment (even after 
installation) can delay inherently fast response to give readings in load 
fluctuation or provide steady readings of mean value of vibrating loads. 
PNEUMATIC LOAD CELLS .... with typical Emery precision and sim- 
plicity are also available for smaller loads. 

WHY NOT... let Emery Engineers help you with your force measure- 
ment problem? Fill out the coupon TODAY, whether you need informa- 
tion on Weighing . . . Brake Testing . . . Torque and Torsion Measure- 
ments . . . Cable, Chain, and Rope Testing . . . Strength of Materials and 
Structures .. . Jet Engine Thrust . . . Towing and Traction Tests .. . or 
some unusual problem of your own. 


THE A. H. EMERY CO. 
New Canaan 1, Conn. Telephone New Canaan 9-9595 
PRECISION SINCE 1872 


THE A. H. EMERY CO. NEW CANAAN 1, CONNECTICUT 


Please send literature on Hydraulic Weighing (_ ) 
Pneumatic Weighing ( ) 


Our problem is: 


D 


Max. load % Accuracy required 


Max. permitted response time lag 


NAME 


POSITION 


(Please attach to your business letterhead) 


REVIEW 


LET EMERY SOLVE YOUR WEIGHING PROBLEM 
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toward the success of these meetings. 
Especially gratifying was the all-out 
effort by the Chairman, Lt. Col. Floyd 
Sweet, who not only conducted the 
meeting to everyone’s satisfaction, but 
also contributed a considerable amount 
of his time to planning. 

Our first meeting was held on Septem- 
ber 26, 1951. Dr. R. C. Dehmel, of the 
Curtiss-Wright Corporation, presented 
his paper on the Curtiss-Wright flight 
simulators. An interesting colored film 
of the B-50 simulators in operation high 
lighted the event. Members who at 
tended the meeting were pleased. 

Our first field trip made the second 
meeting a big success. After an excel 
lent dinner in the executive dining room 
at Wright-Patterson Air Force Base, 
Col. Jack Gibbs, Chief of Wright Air 
Development Center’s Aircraft Labora 
tory, conducted tours of the wind tun 
nels. Demonstrations were presented, 
as well as commentary by W.A.D.C. 
engineers. The program was termed as 
excellent by those who attended. 

Our November 28 meeting, third of 
the new year, featured Edgar Kaiser. 
This was a joint meeting with the Day 
ton Chapter, S.A.E. Mr. Kaiser’s 
paper, ‘“Conversion—A Permanent Pol 
icy,’’ was thoroughly enjoyed by both 
memberships. 

As usual, no December meeting was 
held because of the holiday season. 

Our fourth meeting on January 23, 
1952, turned out to be the most informa 
tive session of the year. An excellent 
paper entitled “Titanium—The New 
Metal for Aircraft’’ was presented by 
Dr. H. Adenstedt, Research Metallur 
gist with the Materials Laboratory, 
W.A.D.C. Many favorable comments 
were received on the treatment of this 
subject by the former German scientist 

On February 20, 1952, on the occa 
sion of our fifth meeting, T. V 
and L. E. Alberts, of Minneapolis 
Honeywell Regulator Company, pre 
sented their paper entitled ‘‘New Cock 
pit Concept for Auto-Pilot Utilization.”’ 
This session was followed by 
the Dow-Corning exhibit of 
and their uses. 

Ernest Stout, Assistant to the Chief 
Engineer, Consolidated Vultee Aircraft 
Corporation, presented his ‘“‘Review of 
High-Speed Hydrodynamic Develop 
ment’ at the March 26 meeting. A 
colored sound picture, as well as a num 
ber of interesting slides, illustrated to 
the members the value of using dy 
naiically similar models in testing sea 
planes’ configuration. Mr. Stout 
pointed out several instances where large 
amounts of money were saved by Con 
vair and the Navy through the use of 
these models. Several members viewed 
this development with its Air Force 
application in mind. 
received with much 
those who attended. 
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Toren Always popular with the membership, | FAST 4 3 
{| our annual plant tour took place on economical assembly of motors, gear trains, 


4.4 | April 23. More than 120 members and 
. Floyd | 


4 yo | their guests attended the tour of Gen- | @lectro-mechanical computing and transmission devices 
eral Electric Company’s J-47 plant at 
n, but | 

Lockland, Ohio. Among the guests was 


— Major General Putt, at that time Com- with m echa n 5 cal development 
Septem manding General of Wright Air De- 
apparatus 


re velopment Center. This excellent tour 
was preceded by a good dinner and an in- 
formal presentation of the J-47 program 
by G-E engineers. 

on high Bill Ivans, of international soaring 
er pe fame, related his interesting experiences 
4 in flying the Sierra wave, as well as 
other soaring accomplishments, on the 
occasion of the May 28 meeting. A 


‘esented 
it flight 
red film 


second 


n excel 

eae colored film and several interesting | 

oe eon slides highlighted this presentation on | 

ight Air the eve of the annual Wright Memonal Servomechanisms, Inc., versatile Mechani- 


Glider Meet. Needless to say, the pro- 
gram was well liked by those in attend- 
ance. 


Labora 
ind tun 
esented, 
.A.D.C for numerous applications in the 


rmed as Hampton Roads Section 


cal Development Apparatus is intended 


a research, instrumentation, and servo 
third of Albert L. Braslow, Secretary i ; 
Kaiser : control fields. Typical applications 
he Day- | At the May 14 meeting, approxi- 

SF aaa mately 85 members and guests heard of these precision built components 
ent Pol- | Harry B. Horne, Jr., Manager of Engi- 

by both | neering, Reaction Motors, Inc., talk on | 


include analog computers, signal 
“Rocket Development and Applica- 
tion.”” After tracing the history of the 


ung was 3 
development of the rocket from the 


generators, process programmers 


lary 23, Chinese “‘fire arrow’’ of the thirteenth ... Assembly is made with 
lh alae century to the present-day solid and 

acolo liquid propelled rockets, Mr. Horne standard tools... each com- 
spoke principally about the character- 

ated by istics and detailed problems associated ponent is designed for 
with bipropellant rockets. 

oratory. One of the most challenging problems repeated use. 

sehieeeiike confronting the rocket-engine designer 


: of this | is that of providing sufficient cooling of 
the materials around the thrust cham- 
he occa- | ber in which temperatures of 5,000 to 

6,000°F. are generated. Methods that 


scientist 


Grove 
1eapolis are currently being employed consist of 
1y, pre sweat cooling, film cooling, or a regener- 


w Cock. | tive cooling process with the use of one 
of the liquid propellants. When a rocket 
is used only once, as when applied to a 
missile, ceramic liners that will burn out 
are used in preference to the more ex- 
pensive cooling procedures. The prime 


ization.” 
tour of 
silicones 


he Chief 
movers for propellant pumps, which A typical 
"ign rotate at from 7,000 to 30,000 r.p.m. and wren assembly in 

eview O 

aewihion supply 400 gals. of fuel per min., are cluding servo motors 
evelop 


\ usually turbines actuated by the main and synchros. 
rocket jets. The metallurgy problem 


associated with the turbine blades is 


ting 
anum 


—- another problem receiving considerable 
attention. 
Stout Mr. Horne stated that the design of Write for Deseriotiv 
the starting procedure for the bipropel- lit : 
"i lant rocket was most difficult. It is erature . 
necessary to have nearly perfect umuing 
eRe between the ignition and the flow of the 
stage in two-liquid propellants in order to avoid 
ram was the possibility of explosions. The pro- | yew CASSEL, NEW YORK + POST & STEWART AVENUES, WESTBURY, N.Y. - EL SEGUNDO, CALIFORNIA 
a pellant mixture ratio must be held close 


for both starting and steady-state opera- 
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TECH-FORGE 
BELLOWS 


add strength...save weight! 


For maximum flexibility and fatigue resistance—plus light weight 
—specify Standard-Thomson Tech-Forge Bellows. In fabrication, 
the exclusive Tech-Forge process minimizes thinning of the metal. 
Thus extra-flexible, light-gauge alloys can be used to advantage, 
without loss of strength. Tech-Forge stainless steel bellows are 
regularly furnished in sizes from %" to 36" I.D. and alloys suited 
for use in exhaust, cabin heating, de-icing and other systems. For 
full engineering details, write: 


STANDARD-THOMSON CORPORATION - DAYTON 2, OHIO 


Standard-Thomson 


Makers of USAF-approved bellows valves lights 


Shut-off Barometric Cockpit Vaporproof 
Valves Pressure Valves Lamp Assembly Cabin Lamp 
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tion, although the mixture ratio may not 
be the same for both conditions. The 
ignition system, itself, imposes many 
problems, and various methods are used. 
For one-shot affairs, a powder charge 
electrically ignited can’ be used. For 
re-use systems, Mr. Horne mentioned 
two types of ignitors—an auxiliary pro 
pellant that ignites by spontaneous com 
bustion and a precombustion ignitor 
that consists of a bank of small rockets 
located ahead of the main rocket. 

After presenting his opinions of rela- 
tive merits of bipropellant, monopro 
pellant, and solid propellant rockets, Mr. 
Horne concluded his talk with an inter- 
esting German movie of actual firings of 
the V-2 rockets during World War II. 
p> C. J. Wenzinger, Chief Engineer, 
Sverdrup and Parcel, Inc., addressed 
109 members and guests on June 18. 
Special guests at the meeting were a 
large number of reservists in the Air 
Force Research and Development Com- 
mand. 

Mr. Wenzinger spoke about the 
Arnold Engineering and Development 
Center now under construction on a 
33,000-acre tract of land in the T.\.A. 
area at Tullahoma, Tenn. The initial 
plans for the A.E.D.C. include three 
major technical facilities—engine test 
facility, gas dynamics facility, and pro 
pulsion wind-tunnel facility—which Mr 
Wenzinger described. 

The speaker went on to mention a 
few of the supporting service facilities 
that will be required and stated that 
some of these have already been com 
pleted or are under construction. These 
include a railroad extension, an internal 
railroad system, roads, bridges, shops, 
dispensaries, communication systems, 
fire and police stations, power dispatch 
ing center, computing center, a dam that 
will form a lake 12 miles in length to pro 
vide the necessary cooling water, and a 
canal 2 miles long that carries water 
from the dam to the site of the technical 
facilities with another canal to carry the 
water away. It will be necessary not 
only to cool the water before use in the 
various facilities, but also to cool the 
exhaust water in order not to harm the 
fishing potentialities for the local resi 
dents. 

Mr. Wenzinger’s talk was well illus 
trated with slides of the three technical 
facilities and of some of the various asso 
ciated equipment. The large audience 
was left with a vivid impression of the 
almost overwhelming magnitude of the 
A.E.D.C., especially with respect to the 
high-powered propulsion wind-tunnel 
facility, 


San Diego Section 
H. L. Braasch, Secretary 


The May 15 meeting was held at the 
Henry Langhorst Café, San Diego 
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Following dinner, the members and 
guests adjourned to the Solar Aircraft 
Company’s auditorium to hear a most 
interesting and enlightening lecture by 
Ernest Stout, of Consolidated Vultee 
Aircraft Corporation. Mr. Stout dis- 
cussed in considerable detail the use of 
geometrically and dynamically similar 
models for free-flight determination of 
the flying qualities of prototypes. Mr. 
Stout’s lecture included a discussion of 
high length/beam ratio hulls for flying 
boats as used on the Convair PB5Y-1 
and also color motion pictures of the 
PB5Y-1 models being flight tested. A 
second motion picture was presented 
showing free-flight models of the 
“Skate,”” a transonic seaplane. This 
was followed by an explanation and 
description of the revolutionary hull of 
the Skate. 

Approximately 80 members and 
guests attended the meeting. 

Following the lecture, the meeting 
was adjourned by Chairman William 
Heath. 
> On June 13, a meeting was held in the 
Marine Room of the Hotel San Diego. 
The dinner was preceded by a short social 
hour in the lounge. 

The San Diego Section was fortunate 
to have as its speaker, Dr. Hugh L. 
Dryden, Director, N.A.C.A., who gave 
an interesting and enlightening talk on 
the subject, ‘“Rocket Models and Other 
Techniques of Flight Research.” Dr. 
Dryden’s_ presentation covered all 
phases of the problem, including launch- 
ing, free flight, telemetering, and data 
reduction. Much of the presentation 
included movies of rocket model flight 
tests, which were narrated by Dr. 
Dryden. 

In addition to the movies of the rocket 
model tests, a film was also presented 
showing recent flight tests at Edwards 
Air Force Base, Calif. 

After Dr. Dryden’s presentation, 
Vice-Chairman R. P. White adjourned 
the meeting. 


San Francisco Section 
Forest W. Fingerle, Secretary 


The meeting of June 19 was a Heli 
copter Symposium held at Ramor Oaks 
in Atherton. The Moderator was 
James B. Edwards, Chief Engineer, 
Hiller Helicopters. 

Mr. Edwards prefaced the meeting 
by pointing out the importance of the 
helicopter as a valuable servant not 
only in military operations but also in 
the commercial fields. The increasing 
interest in helicopter design was also 
noted. He pointed out the importance 
of design with regard to maintenance 
and asked all engineers to be cognizant 
of this consideration, 

George Brimball, Chief Service Engi 
neer, Hiller Helicopters, was then pre 
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sented as the first speaker of the evening. 
He emphasized the need for designers to 
consider the problems of wear in their 
designs. The need for adequate lubri 
cating systems and correct lubricants 
was also noted. In this connection, he 
pointed out the low oxidation found in 
lithium-base greases. Mr. Brimball also 
pointed out some of the problems of 
servicing, such as balancing the rotor 
blades to keep them in track. 

The Moderator announced that the 
second paper was on tandem-rotor heli 
copters because of the great interest of 
late in this type. He _ presented 
R. A. Wagner, Chief Engineer, McCul 
loch Motors, Inc. Mr. Wagner re 
viewed the program for the McCulloch 
helicopter and gave principal dimen 
sions of the ship. The difference be 
tween the theoretical and actual loads 
on each rotor was given to point out the 
need for actual testing. Mr. Wagner 
also covered the problems of rudder and 
taxiing loads. He completed his paper 
giving advantages of tandem-rotor heli 
copters. 

Mr. Edwards announced that the third 
paper, on future trends in passenger 
helicopters, was being presented in view 
of recent developments both here and 
abroad in large passenger-type heli 
copters. He introduced Joseph Stuart, 
III, Chief of Preliminary Design, Hiller 
Helicopters. Mr. Stuart brought out 
the features of commercial helicopters in 
various fields. Slides were shown of the 
various configurations now in produc 
tion and proposed in this country. A 
short discussion was given of each type. 
He called attention to the developments 
in England of helicopters developed for 
commercial applications. Mr. Stuart 
discussed the pressure-jet engine now 
used and the jet engines now in develop 
ment. The Rotodyne was discussed 
together with the convertiplane. The 
last slide shown was the short-range 
Hiller design 

The meeting was then opened for dis 
cussion during which time all three 
speakers were asked questions in their 
fields. 


Seattle Section 
R. FitzSimmons, Secretary 


Roy E. Marquardt, President of Mar 
quardt Aviation Company, addressed a 
members-only confidential meeting of 
the Seattle Section this past June 19. 
Speaking on the ,subject ‘Ramjet 
Engines and Their Application to Mis 
siles and Aircraft,’’ Mr. Marquardt 
limited his talk to the various types 
of ram-jets and indicated the place each 
occupies in the overall design picture. 
The talk centered around performance 
versus cost for all types of aircraft pro 
pulsion systems and was accompanied 
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by slides showing the polars and param- 
eters of such systems. A technicolor 
movie showing testing of several ram- 
jet engines followed. 


Texas Section 
Paul Alberti, Secretary 


The May and June meetings of the 
Texas Section were in the form of field 
trips. On May 17, the Fort Worth 
plant of Consolidated Vultee Aircraft 
Corporation was visited. After being 
welcomed by W. A. Clegern, Chief of 
Engineering Flight Test, the members 
were taken on a conducted tour of the 
B-36 production line, and then were 
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shown a movie depicting the role of the 
B-36 in strategic air warfare. Follow- 
ing the movie, there was a question and 
answer period on the design and produc- 
tion features of the B-36. 


The next month, on June 21, the 
Chance Vought Aircraft Division of 
United Aircraft Corporation was toured. 
The meeting was opened with a short 
talk by Raymond Blaylock, after which 
the plant was toured and a movie illus- 
trating the military use of the heli- 
copter was shown. The final event was 
a flight demonstration of the F7U-1 
Cutlass by John McGuyrt, Chance 
Vought Test Pilot, in conjunction with 
a scheduled test flight. 


Student Branches 


Academy of Aeronautics 


At the June 18 meeting, Frey Mayer 
delivered an address on ‘“‘Tailless Air- 
craft.’’ His speech included the aero- 
dynamic effects on the flying wing and 
was concluded with the advantages and 
disadvantages of such an aircraft. Two 
General Motor Corporation films, We 
Drivers and Styling the Motor Car, were 
shown at the conclusion of the meeting. 
Chairman Nickolus Kruger presided; 
41 students were present. 


p> On July 16, Joseph Pasano spoke on 
the subject of ‘‘Convertiplanes.”” He 
reviewed the history of the converti- 
plane and went on to describe three 
types of convertiplanes and the com- 
panies concerned in their planning and 
construction. Chairman Nickolus Kru- 
ger presided; 38 students were present. 


> On July 30, 36 persons were present at 
the election of officers for the forthcom- 
ing year. The results of these elections 
are as follows: Chairman, C. Grevera; 
Vice-Chairman, J. Cohen; Recording 
Secretary, H. Schub; Corresponding 
Secretary, F. Berger; Treasurer, E. 
Ladizensky; and Sergeant-at-Arms, J. 
Roman, Chairman Kruger presided. 


A Visit to the Navy 


By Frederick Berger, Secretary 


On Wednesday, July 30, a five-car 
caravan of 26 members of the Academy’s 
student branch set out to Sands Point, 
L.I., for a visit to the Special Devices 
Center, U.S. Navy. 

We arrived at the base at approxi- 
mately 10:15 a.m., and, after a check by 
the gate duty-sergeant, we were ad 
mitted inside the grounds. Once inside 
the base, we were courteously received 
by three Navy guides who led us to the 
exhibition hall. Before viewing the 
individual training devices, we were 


briefed as to the general scope of this 
installation. Its main function is to 
develop, evaluate, and improve a multi- 
tude of training machines, devices, and 
mock-ups used by the entire Navy’s in- 
structors corps to train personnel. This 
installation develops entirely new train- 
ing facilities upon request from any 
Navy unit or else devises means and 
ways to make it easier to transmit the 
complicated duties of a modern Navy to 
its men. 


After this brief outline, we were di- 
vided into three groups and were shown 
over the exhibition hall. Among the 
fascinating items we were permitted to 
see were: 


(1) special movie camera that 
projects a film upon a screen shaped in 
the form of a hollow quarter-sphere. 
This results in a vivid three-dimensional 
reproduction. 


(2) A flight simulator consisting of a 
genuine replica of an aircraft’s contro] 
board with levers for both student and 
instructor. A loud-speaker is connected 
to this simulator reproducing the engine 
sound effects present in an actual air- 
craft during various flight attitudes. 


(3) A Navy gun for target practice, 
which is used in conjunction with a mov- 
ing film projected on a screen, showing 
the target to be hit in the form of a 
small, white dot. 


(4) An electronic device used to de- 
termine accurately the exactness of a 
pistol shot upon a target. 


(5) A room shaped in semispherical 
form representing the sky extending from 
the horizon line to the zenith. By means 
of special light effects, one could repro- 
duce the entire star picture and various 
other astronomical phenomena. This 
device is used for navigational pur- 
poses. 
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(6) A mock-up of a load adjuster used 
to determine pictorially the exact load- 
ing procedure of an aircraft. 


(7) Several engine cutaways showing 
various types of aircraft engines in 
modern use. 


(8) Several exhibits in the form of 
boards and mock-ups demonstrating 
pictorially various physical laws and 
determining mechanical efficiencies. 


Our trip concluded shortly before 12 
o'clock noon. Every participant was 
greatly impressed by what he had seen, 
and a most enjoyable morning was spent 
by all. Special thanks go to Mr. I. 
Fiorovanti, our faculty adviser, who 
handled our group in an excellent man- 
ner. 


The Aeronautical University, Inc. 


On June 26, 20 students went on a 
field trip to the Refinery and Research 
Laboratory of Standard Oil Company 
(Indiana). John L. Klucher, of Stand- 
ard’s Community Relations Depart- 
ment, acted as host. The trip was ar- 
ranged by Vice-Chairman Lyman Wel- 
liver. 


Indiana Technical College 


At the June 10 meeting, J. P. Hughes, 
C.A.A. Aviation Safety Agent, spoke on 
‘Helicopters and Convertiplanes.” Mr. 
Hughes spoke briefly on the operation 
and practicability of the helicopter and 
convertiplane and discussed at length 
the various aspects of private and com- 
mercial flying as well as the increasing 
demands for aeronautical engineers in 
the aviation industry. Chairman 
Harold Swallow presided; 18 students 
were present. 


A field trip to the Edison Museum in 
Dearborn, Mich., was held on June 20. 


p At the meeting of July 8, two films 
were shown. They were Hamilton 
Hydramatic Propeller and Fuselage 
Structures. Chairman Harold Swallow 
presided; 13 students were present. 


p> An election of officers was held on 
August 5 with the following results: 
Chairman, Charles VanArtsdalen; Vice- 
Chairman, Roger Kauffman; Secretary, 
John Basile; and Treasurer, James 
Sanders. Chairman Swallow led the 
meeting with 14 persons present. 


Northrop Aeronautical Institute 


The officers for the 1952-1953 aca- 
demic year are as follows: Chairman, 
Harold J. Robins; Vice-Chairman, An- 
drew R. Jessen; Treasurer, R. David 
McClelland; Recording Secretary, Ells- 
worth Hardy; and Corresponding Secre- 
tary, Jason L. Araujo. The Faculty 
Adviser is G. W. Blaisdell. 
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Members Elected 


The following applicants for membership or applicants for change of previous grades 
have been admitted since the publication of the list in the last issue of the REvrEw 


Elected to Associate Fellow Grade 
Jones, Robert T., Lecturer in Mech. 

Engrg., Stanford Univ.; 

Ames Aero. Lab., N.A.C.A. 


Aero. Engr, 


Transferred to Associate Fellow Grade 


Pope, Alan, M.S. in Ae.E., Supvr., 
Wind Tunnel Section, Sandia Corp. 


Elected to MEMBER Grade 


Barnett, Harry, B.S., Supvr., Funct. & 
Qual. Test Group, Lockheed Aircraft Corp 
(Marietta). 

Burns, Charles I., M.M.E., Engr., U.S 
Army Ordnance (Washington, D.C.). 

Davis, Thomas V., A.E., Sr. Group 
Engr., Boeing Airplane Co. (Seattle). 

de Callies, Richard N., MS. Lt 
Comdr. & Naval Aviator, U.S.N. 

Evaldson, Rune, Ph.D. in’ Engrg. 
Mechanics, Cons. Engr., Booz, Allen & 
Hamilton. 

Gravendyk, James P., Engrg. Designer, 
Struct. Group, Special Weapons Div., 
Northrop Aircraft, Inc. 

Johnson, Corydon M., Pres., Corydon 
M. Johnson Co., Inc. 

Kinsler, Martin R., M.M.E., Research 
Asst., Dept. of Aero. Engrg. & Applied 
Mechanics, Polytechnic Institute of Brook 
lyn. 

Papanek, Paul J., B.S., Mgr., Washing 
ton District Office, Jack & Heintz, Inc 

Pretorius, Thomas H., B.S., Aero Engr., 
Southern Air Procurement District. 

Ray, James C., B.S.Ae.E., Layout 
Draftsman ‘‘B,”’ Piasecki Helicopter Corp 

Smith, Charles H., Jr., B.S., Pres., The 
Steel Improvement & Forge Co 

Sternfield, Leonard, B.S., Head, Sta- 
bility Analysis Section, Stability Research 
Div., N.A.C.A., Langley A.F.B. 

Weitner, Walter L., Lt. Col.; Acting 
Chief, Fighter Section, Procurement Div., 
Hq., A.M.C., U.S.A.F. 

Whempner, Russell H., B.Sc.E.E., Dir., 
Service Engrg. Dept., Minneapolis-Honey 
well Regulator Co 

Wright, Gerald B., B.S., Sales Rep. to 
U.S.A.F., Sperry Gyroscope Co. Div., 
The Sperry Corp. 


Transferred to MEMBER Grade 


Graham, Glenn E., B.S., B.A., M.E., 
Group Engr., Prelim. Design, 
Airplane Co. (Seattle). 

Montenegro, Carlos E., D.B., B.Sc., 
Associated Docent in Maintenance, In 
stituto Tecnologico de Aeronautica ( Brazil ) 

Price, Donald H., M.S. in Ae.E., Sr. 
Aerodynamics Engr., Guided Missiles Div., 
Raytheon Mfg. Corp. 

Siegel, Gordon I., B.S.Ae.E., Capt.; 
Chief, Equip. Br., B-47 Proj. Officer, 
Southern Air Procurement District Haqs., 
U.S.A.F. 


Boeing 


Sutherland, Alexander E., B.A.Sc. in 
Ae.E., Sq. Engrg. Officer, 103rd Rescue 
Unit, R.C.A.F. Station, Greenwood, Nova 
Scotia 


Elected to Associate Member Grade 


Andrus, Harold C., Div. Gen. Megr., 
Lear, Inc. (Romec Div.) 

McCann, Frank A., Jr., B.S.B.A., Con 
tracts Administration Supvr., Aircraft 
Div., Rheem Mfg. Co 

Stutts, Arthur K., Boeing Maint. Staff 
Officer, Military 
(Washington, D.C 

Wehnes, W. C., V.-P. & Dit 
Kellering Co 


Air Transport Service 


, Detroit 


Elected to Technical Member Grade 

Cimino, Robert V., Engrg. Designer 
*B,”’ North American Aviation, Inc. (Los 
Angeles) 

Fogelson, Seymour, B.S., Stress Analyst 
Aerophysics Dept., North American 
Aviation, Inc 

Hadari, Moshe, Second Flight Engr., 
Israel Natl. Airlines (Israel). 

Hosse, Paul W., M.A., Electrical Drafts 
man, Fairchild Engine Div., Fairchild 
Engine & Airplane Corp. (Hagerstown) 

Klein, Robert C., B.E.E., Asst. Proj 
Engr., Sperry Gyroscope Co. Div., The 
Sperry Corp 

Long, Bertram S., BS., 
Northeastern Univ 

Murphy, Maurice P., B.S.Ae.E., Flight 
Test Engr., Marquardt Aircraft Co. 

Patterson, William R., M.S., Engr. 11, 
ARO, Inc 

Perry, Huntley H., B.S. in M.E., Aero 
Engr. GS-7, Bur. of Aero., Dept. of the 
Navy (Washington, D.C.). 

Rusinek, Edmund J., B.S. in Ae.E., 
Stress Analyst “B,’’ Aerophysics Lab., 
North American Aviation, Inc 

Sherman, George J., Jr. Methods Engr., 
Radio Receptor Co., Inc. 

Whitfield, Raymond P., Jr., B.S., Chief, 
& Capt., U.S.A.F., Flight Test & Accept 
ance Section, Govt. Aircraft Plant #4, 
Consolidated Vultee Aircraft Corp. (Ft 
Worth) 


Instructor, 


Transferred to Technical Member 
rade 


Amano, Masashi R., B.S.M.E. (Aero.), 
Mech. Engr., Missile Aerodynamics Group, 
Hughes Aircraft Co 

Bacile, John IL. B. of Ae.E., 2nd Lt., 
Corps of Engrs., U.S. Army (Ft. Belvoir) 

Batchen, Frank L., B. of Ae.E., Vibra 
tion Flight Test Engr., Propeller Div., 
Curtiss-Wright Corp 

Batten, Robert L., Jr. Engr., Consoli- 
dated Vultee Aircraft Corp. (San Diego) 

Benson, Burtis R., B.S. in Ae.E., Lt., 
U.S.A.F.; Student, Institute of Technol 
ogy, Wright-Patterson A.F.B. 
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Berger, Alan, B. of Ae.E., 2nd Lt., 
U.S.A., Corps of Engrs. (Ft. Belvoir) 

Billerbeck, Wilfred J., B. of Ae.E., Aero- 
dynamicist, Vitro Corp. of America 

Bissell, William S., B.S., Jr. Engr., 
Draftsman “‘B,” Lockheed Aircraft Corp. 
(Burbank). 

Blackburn, Albert W., M.S. in Ae.E., 
Capt., U.S.M.C.R.; Member, Planning 
Div., Armament Test Dept., N.A.T.C 
(Patuxent River). 

Boxenhorn, Burton, B.M.E., Research 
Engr., Thermodynamics Section, United 
Aircraft Corp. (East Hartford) 

Bradley, Edward P., B.S. in Ae.E., 
Aerodynamicist ‘‘C,’”? McDonnell Aircraft 
Corp. 

Brady, Gerald R., A.A., Flight Test 
Analyst ‘‘A,’”’ Aerophysics Lab., North 
American Aviation, Inc. (Downey 

Brueger, John M., B. of Ae.E., Ens., 
U.S.N.; Line Officer assigned to U.S.S 
“Mississippi.” 

Burggraf, Odus R., Jr., M.S., Graduate 
Student, California Institute of Technol 
ogy 

Cliffe, Richard T., Jr., B.S., Aero 
dynamicist, North American Aviation, 
Inc. (Los Angeles). 

Coppi, Charles N., B. of Ae.E., Designer 

Guided Missiles, Grumman Aircraft 
Engrg. Corp. 

Costa, Rinaldo, B. of Ae.E., Aerody 
namicist, Grumman Aircraft Engrg. Corp. 

Covert, Henry E., Jr., B.S., Tech 
Analyst, McDonnell Aircraft Corp 

Covey, Robert E., M.S. in Ae.E., Proj 
Engr., Jet Propulsion Lab., 
Institute of Technology. 

Curtiss, Howard C., Jr., B. of Ae.E., 
Ens., U.S:N.R.; Line Officer, U.S.S 
‘Mississippi’ (EAG-128). 

Davis, William S., B.S. in Ae.E., Engr., 
Devel. Group, Chance Vought Aircraft 
Div., United Aircraft Corp 


California 


Dervishyan, Aram, Prof. of Aero. Engrg., 
California Institute of Technology 

Doner, John E., A.E., Engr., Aircraft 
Armaments, Inc. 

Eber, Lloyd W., B.S. in Ae.E., Drafts- 
man ‘‘B,’’ United Air Lines. 

Fetterman, David E., Jr., B.S., Aero. 
Research Intern, N.A.C.A., Langley A.F.B. 

Freeman, Elmer C., M.S.E., Capt., 
U.S.A.F.; Proj. Officer, W.A.D.C., Wright- 
Patterson A.F.B. 

Gaibler, Richard, A.E., Lt., U.S.N.; 
Line Officer-Naval Aviator (Washington, 

Gandy, Charles L., Jr., M.S.E. (Aero.), 
Capt., U.S.A.F.; assigned to Flight Test 
Center, Edwards A.F.B 

Gatje, George C., B. of Ae.E., Ens., 
U.S.N.; Main Propulsion Asst., Engrg. 
Dept., U.S.S. ‘‘Preston.”’ 

Gentile, Joseph, B. of Ae.E., Test Engr., 
Wright Aero. Div., Curtiss-Wright Corp. 

Goldman, Kenneth L., B.S.M.E. (Aero.), 
Research Fellow, Dept. of Aero. Engrg., 
Polytechnic Institute of Brooklyn 

Gomez, Jess C., B.S., Jr. Engr.-Drafts 
man “‘B,’’ Lockheed Aircraft Corp 
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AERONAUTICAL ENGINEERING 


DURANICKEL 


may easily provide the 
spring properties 

you need ina 
corrosion-resisting alloy! 


You might look a long time before finding another 
alloy with all the advantages of Duranickel. 


A wrought alloy, Duranickel is age-hardenable, 
or capable of having its hardness and strength in- 
creased by thermal treatment — and has the de- 
pendable corrosion resistance of Nickel. 


And that’s only the beginning! You can figure 
for yourself just how valuable Duranickel could 
be for a spring application of yours when you con- 
sider its other principal characteristics: 

— uniform spring properties at temperatures 
up to 600°F. 

— high fatigue strength and endurance limit 
for non-ferrous, corrosion-resisting materials 

— ready workability 


As a typical example of Duranickel’s usefulness, 
let’s examine briefly the new Kidde 4-stage com- 
pressor shown above. 


Developed for pneumatically-operated airborne 
equipment, this lightweight compressor has neither 
connecting rods, wrist pins nor other complications 
required by conventional design. Instead, a crank- 
shaft-riding cam simply pushes the pistons into 
their cylinders. A scotch yoke and sliding rod re- 
verses the first piston while compressed air from 
preceding stages retracts the others. 


For the disc valve in the first stage which is 
intricately shaped and then heat treated, the de- 
sign engineers of Walter Kidde & Company, Inc., 
specified age-hardenable Duranickel. They also 
called for Duranickel for valve assist springs. 


Mechanical Property Ranges of Duranickel 


Yield 
Tensile Strength Elongation 
Form and Condition Strength (0.2% offset) in2in Rockwell 
1000 psi 1000 psi per cent . 


Hardness 


Rod and Bar 

Hot-finished 90-130 35-90 55-30 
Hot-finished, age-hardened. 160-200 115-150 30-15 
Cold-drawn, as-drawn 110-150 60-130 35-15 
Cold-drawn, age-hardened. 170-210 125-175 25-15 


Strip 

‘2 hard 130-155 
'2 hard, age-hardened 170-210 
Spring 155-190 
Spring, age-hardened 180-230 


Wire 
Spring 160-200 
Spring, age-hardened 200-240 


Nickel 
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NEW COMPRESSOR delivers volume at high altitudes. At 35,000 
feet, this 4-stage, 4-piston air compressor delivers (from ambient 
pressure) one cfm of free air compressed to 3,000 psi. Its sea 
level delivery of 4 cfm of free air compressed to 3,000 psi can 
be maintained at high altitudes when inlet air is pressurized. 
The compressor weighs only 15 pounds, has first-stage valve of 
Duranickel, and Duranickel assist springs to insure closing of 
intake valves. Photo courtesy of Walter Kidde & Company, Inc., 
Belleville, N. J. 


Duranickel is well able to withstand the high 
temperatures encountered in meeting the severe 
requirement. It is not affected by moisture 
squeezed out of the air during compression. And it 
offers high strength to prevent warpage. , 


Put Duranickel down in your book for work- 
ability, too. It can be hot-worked, forged and cold- 
worked. 


It is most readily machined in the annealed con- 
dition, and is commercially machinable in other 
conditions at hardnesses up to 275 BHN. 


Duranickel can be joined by commonly-used 
welding, brazing and soft soldering processes. 


You'll find detailed engineering data on Dura- 
nickel (and its companion alloys, Duranickel “R” 
and Permanickel®) in Technical Bulletin T-32, 
“Engineering Properties of Duranickel.” A copy is 
ready and waiting for you. Write us for it. 


Meanwhile, keep Duranickel in mind for any 
applications where corrosion resistance, high hard- 
ness and great strength are needed in high stress 
application. Remember, though, that Duranickel, 
like other nickel alloys, is now on extended delivery 
because of defense requirements. So it is important 
to include NPA rating and complete end-use infor- 
mation‘when you place orders. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street, New York 5, N. Y. 


MONEL® « MONEL « MONEL 
“KR’@® MONEL « MONEL NICKEL 
LOW CARBON NICKEL +» DURANICKEL® + INCONEL® 
INCONEL INCOLOY* NIMONICS® PERMANICKEL® 


j 
Ae.E., 
U.S.S 
| 
|| | 758-22 
32-42 
90B-32 
15-3 25-34 
20-7 33-42 
10-2 30-40 


PRODUCTION OF THE HIGHEST 


Quality 


AMPHENOL RG CABLES set the standard for qual- 
ity in a field where quality and dependable 
performance are a ‘’must.’’ Frequent laboratory 
and production tests insure uniform quality and 
performance. Users of Amphenol RG Cables 
know that they will perform as specified! 


AMPHENOL R F CONNECTORS provide an efficient 
connecting link between coaxial cables. They 
feature never-failing continuity, extremely low 
R F loss and the assurance of a long life of 
sustained quality. The design, materials and 
finishes of each type connector are carefully 
chosen to give the best possible performance 
under the required conditions. 


AMPHENOL A N CONNECTORS are strong! They 
have a tensile strength of 53,000 pounds. En- 
gineered to meet the rigid Army-Navy Specifi- 
cations, these connectors insure lowest milivolt 
loss. The non-rotating solder pockets cut solder- 
ing time and reduce operator fatigue. Amphenol 
has the widest selection of AN Connectors to 
meet MIL-C-5015 Specifications. 

Now Available . . . Catalog B-2—A General Catalog of 
Amphenol Components — will be sent on request. 


AMERICAN PHENOLIC CORPORATION 


1830 SOUTH 54TH AVENUE © CHICAGO 50, ILLINOIS 


Gross, William A., Ph.D., Asst. Prof., 

Univ. of California & Iowa State College. 
Hall, Robert T., B.S., Asst. Proj. 

Leader, Naval Ord. Lab. (White Oak). 

Halter, Edmund J., M.S.M.E. (Aero.), 
Flight Test Engr. ‘“‘B,’’ Chance Vought 
Aircraft Div., United Aircraft Corp. 

Hanin, Meir, M.S., Graduate Student, 
Graduate School of Aero. Engrg., Cornell 
Univ. 

Hanson, Palmer O., Jr., B.S., Student, 
U.S.N.R.S. (Washington, D.C.) 

Hesse, Maynard O., B.S. in Ae.E., 
Engrg. Asst. ‘‘A,” Northrop Aircraft, Inc. 

Hester, Leslie R., Jr., B.S., Research 
Asst., Mississippi State College 

Hill, Arthur E., Jr.. B.S. in Ae.E., 
Aerodynamicist, North American Aviation 
Inc. (Los Angeles). 

Hoey, William K., Capt. & Sr. Pilot, 
U.S.A.F.;  Analyst-Engr., Air Tech. In 
telligence, Wright-Patterson A.F.B 

Hollis, Claiborne P., B.S., Jr. Engr., 
Chance Vought Aircraft Div., United 
Aircraft Corp. 

Hoo, Andrew B., Engrg. Draftsman, 
Pacific Div., Bendix Aviation Corp 

Horst, John K. E., B.S., Supervisory 
Trainee, Republic Aviation Corp. 

Jonas, Jane, B.S. in Ae.E., Mathe 
matician, Stability & Control Section, 
Aerodynamic Dept., Douglas Aircraft Co., 
Inc. (Santa Monica). 

Kanno, John S., B.S.E. (Aero.), Engrg 
Asst. ‘‘A’—Stress, Loads Group, F-89 
Proj., Northrop Aircraft, Inc. 

Kester, Ralph E., B.S., Mathematician 

Stress Analysis, Douglas Aircraft Co., 
Inc. (Santa Monica). 

Kim, Jerry Key Hong, B.S 

Laacke, Frank, A.E., Aerodynamicist 
“C,”” McDonnell Aircraft Corp 

Laymon, William A., B.S. in Ae.E., 
Aerodynamicist, McDonnell Aircraft Corp 

Lee, Roland E., B. of Ae.E., Proj 
Leader-Aero. Engr., Aeroballistic Div., 
Naval Ordnance Lab. (White Oak 

Linthicum, Edward C., B.S. in Ae.E., 
Design Engr., Helicopter Div., McDonnell 
Aircraft Corp. 

Long, Richard L., M.S.E. (Aero), Maj., 
U.S.A 
Mann, Wesley M.., Jr., B. of Ae.E., Ens., 
J.S.N. (U.SS. “Sicily’’). 

Margeson, James H., B. of Ae.E 
Production & Engrg. Test Pilot, B-386, 
Consolidated Vultee Aircraft Corp. (Ft 
Worth). 

Margetan, Paul, Engrg. Draftsman, 
Northrop Aircraft, Inc. 

Markham, Phil Del, Sq. Leader, Dept 
of Natl. Defence, R.C.A.F. Station (North 
Bay, Ont.). 

Marshall, Harold M., M.S. in Ae.E., 
Research Lab. Analyst, Douglas Aircraft 
Co., Inc. (Long Beach) 

Martin, Fred W., B.S. in Ae.E., In 
structor, Aero. Engrg. Dept., Virginia 
Polytechnic Institute. 

Martin, Luc A., B.S. 

McFarland, Donald R., B.M.E., Acro 
Research Intern, N.A.C.A., Langley 
AFB. 
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McNeely, James S., B.S., Ens. & Naval 
Aviator, U.S.N. 

Meckler, Lawrence H., B. of Ae.E., 
Engrg. Trainee, Republic Aviation Corp. 


Melson, A. John W., B.A.Sc., Stress 
Engr., The de Havilland Aircraft of Can- 


ada, Ltd. 


Messinger, Carl W., Jr., M.S.E. (Aero), 
Design Engr., Jet Power Plant Devel. 
Group, Hiller Helicopters. 

Miller, James E., Maj., USAF. 
assigned to Hughes Aircraft Co. 

Millikan, D. L., B.S., 2nd Lt., U.S.A.F. 

Milton, Thomas O., B.S. in Ae.E., Exec 
Pilot, Allison Div., G.M.C. 

Morgan, Homer G., B.S. in Ae.E., Jr. 
Engr., Consolidated Vultee Aircraft Corp. 
(San Diego). 

Munter, Paul L., B. of Ae.E., 2nd Lt., 
A.R.D.C., U.S.A.F. 

Nachtsheim, Philip R., B.S. in Ae.E., 
Ens., U.S.N.; assigned to U.S.S. ‘‘ Newport 
News.” 

Olshausen, Richard, M.S., Aerody 
namics Engr., Helicopter Research Group, 
Hughes Aircraft Co. 

Parkin, Blaine R., Ph.D. (Aeronautics), 
Research Engr., Hydrodynamics Lab., 
California Institute of Technology. 

Parmenter, Clyde W., B.S., Design 
Drafting, Douglas Aircraft Co., Inc. 
{Long Beach). 

Petre, Philip C., B. of Ae.E., Engrg 
Draftsman, Douglas Aircraft Co., Inc. 
(Santa Monica). 

Pickens, Andrew, B.S. in Ae.E., Flight 
Test Engr., Fairchild Aircraft Div., Fair 
child Engine & Airplane Corp 

Pisano, Joseph A., Jr. Engr., Sikorsky 
Aircraft Div., United Aircraft Corp 

Poole, Allan K., M.S.E., Engr., Servos 
Group, Sikorsky Aircraft Div., United 
Aircraft Corp. 

Reenstra, Howard C., B.M.E. (Aero), 
Jr. Engr., Experimental Testing Dept., 
Wright Aero. Div., Curtiss-Wright Corp. 

Reha, Donald E., B.S., Jr. Engr., Boe- 
ing Airplane Co. 

Richter, Arthur, M.S. in Ae.E., Flight 
Test Analyst ‘‘A,” Test Div., Douglas 
Aircraft Co., Inc. (Santa Monica). 

Robinson, Martin, A.E., Research Engr., 
Missile Div., Douglas Aircraft Co., Inc. 
(Santa Monica). 

Schlegel, William C., B.S. in Ae.E. 
Aerodynamicist, Douglas Aircraft Co. 
Inc. (Long Beach). 

Schleich, William T., B. of Ae.E., Aero- 
dynamics ‘‘C,’’ North American Aviation, 
Inc. (Downey ). 


Schureman, Stewart G., B.S., Engrg 
Draftsman ‘‘A,’’ Northrop Aircraft, Inc. 

Shuter, John E., B.S. in Ae.E., Asst. 
Engr.—Aerodynamics, McDonnell Air 
craft Corp. 

Siegfried, William H., B. of Ae.E., Aero. 
Engr., Supersonic Br., David Taylor 
Model Basin. 

Simpson, Duncan W., B. of Ae.E., Sr. 
Engr., Aerodynamic Design Group, Elec- 
tronics Div., Curtiss-Wright Corp. 
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"Tus are many new and interesting 
hydraulic advancements to be found in 
Republic’s headline-making Thunderjet 
—and Electrol is proud indeed to 
have worked side-by-side with 
Republic engineers in developing them. 
Perhaps, you, too, can benefit 


by availing yourself of Electrol’s 


hydraulic engineering experience. 


HYDRA ULIC'S 


KINGS TON, NE W-YORK 


CYLINDERS + SELECTOR VALVES + FOLLOW-UP VALVES 
CHECK VALVES «+ RELIEF VALVES * HAND PUMPS 
POWERPAKS + LANDING GEAR OLEOS * SOLENOID 
VALVES «ON-OFF VALVES* SERVO CYLINDERS TRANSFER 
VALVES * CUT-OUT VALVES * SPEED CONTROL VALVES 


beller Designed Products Use Electro! ydraulich- 
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Imperial 
TRACING 


CLOTH FOR 
HARD PENCILS 


@ Imperial Pencil Tracing Cloth has 
the same superbly uniform cloth 
foundation and transparency as the 
world famous Imperial Tracing Cloth. 
But it is distinguished by its special 
dull drawing surface, on which hard 
pencils can be used, giving clean, 
sharp, opaque, non-smudging lines. 

Erasures are made easily, without 
damage. It gives sharp, contrasting 
prints of the finest lines. It resists the 
effects of time and wear, and does 
not become brittle or opaque. 

Imperial Pencil Tracing Cloth is 
right for ink drawings as well. 


Imperial 


PENCIL 
TRACING 
CLOTH 


SOLD BY LEADING STATIONERY AND 
DRAWING MATERIAL DEALERS EVERYWHERE 
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Skerrett, Peter E., B.S. in Ae.E., Aero 
dynamicist 
nell Aircraft Corp 

Smith, James C., Maj 
U.S.A.F 


& Sr 


Smith, Samuel, B.S. in Ae.E., Jr. Engr.- 


Aerodynamicist, N.A.M.T.C. (Pt. Mugu) 


Snodgrass, Robert R., B.S. in 
Aerodynamicist “‘C,’’ McDonnell Aircraft 
Corp 

Songer, Floyd D., B.S., 
Donnell Aircraft Corp. 

Stanton, John R., BS 
Devel. Engr Hydraulic 
nisms, Chance Vought 
United Aircraft Corp 


Jr. Engr., Mc 


in 


Servomecha 
Aircraft 


Steenrod, Oliver H., B.S. in Ae.E., Jr. 
Engr., Design Section, Consolidated Vul 
tee Aircraft Corp. (San Diego) 

Stoudt, William F., B.S., Engrg. Trainee, 
McDonnell Aircraft Corp. 

Strihafka, F., B.Ae.E., 
Proj. Engr., Sperry Gyroscope Co 
The Sperry Corp 


Louis Asst 


Div., 


Swerdlin, Cyril, B. 
Review Analyst 


of Ae.E., Material 
Republic Aviation Corp 

Swetnam, Robert L., Ac.E., 
Ens., U.S.N.R Line USS 
“Bremerton 


B.S. in 
Officer, 


Tisdale, James W., Jr., Maj., U.S.A.F.; 
Aero. Engr., Air Tech. Intelligence Center, 
Wright-Patterson A.F.B. 

Tolman, Warren R., B.S. 


Townsend, Marland W., Jr., B. of Ac.E., 
(j.g.) & Naval Aviator, U.S.N 
Trott, Warren C., B. of Ae.E., Aero 
dynamicist—Stability & Control, Grum 
man Aircraft Engrg. Corp 
Waddell, Jack, M.Ae.E., Research Asst., 
Graduate | of Aero. Engrg., Cornell 
Univ 
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Walker, Gerald W., B.S. in Ae.E., Flight 
Test Engr., Chance Vought Aircraft Div., 
United 


orp 
Weaver, Lawrence S., Jr., B.S. in 
Ae.E., Engrs lrainee, The Glenn L 


Martin Co 
Webster, Robert A., B. of Ae.E., Proj 


Engr., Dept., United Aircraft 
Corp. 

Westbrook, Ed, Jr., Stress Analyst, 
North Ameri Aviation, Ine. (Los 


Angeles 
Wheeler, Edward, A.E., Experimental 
Engr., Aeroproducts Div., G.M.C 
Williams, Louis A., Jr., B. of Ae.E., 


2nd Lt., A.R.D.C., U.S.A.F., Wright 
Patterson A.F.B 
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HIGH PRESSURE 
TRANSDUCERS 


(Resistance Output) 


Type 16139—small size, light- 


weight, rugged construction, made o 


materials to give long life 


Type 46129—small size, fluid 
filled, vibration proof, for corro- 


sive or non-corrosive media 


Standard Ranges and Rx 
Absolut rential 0-100 
0-600 Max., Gave 0 
to 0-6000 P.S.1. Max. Resistance 


and diffi 
1001 
2000 of 


ranges and resistance values are 


G. M. GIANNINI & CO., INC. 
PASADENA 1, CALIF 
EAST ORANGE, N. J 
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where 
you need 


AiResearch actuators are 


small in size... big in power! 


For more than a decade AiResearch actuators have met 
the operating requirements of every U. S. military and 
commercial aircraft. They combine top performance with 
the utmost in dependability. 

AiResearch is now producing more than 292 different 
actuators for specific uses. They meet every military 
specification. Major characteristics are wide operational ranges in 
temperature, light weight, and long life. Each type of unit has the unique 
ability, proven in AiResearch laboratories, to withstand 17 critical 
environmental conditions of flight. Other unique design features, such as 
integral motor brakes and torsion bar positive stops, have made 
AiResearch actuators the leading performers in this field. 

AiResearch invites you to submit your special engineering 
problems for our consideration. 


Would you like to work with us? Qualified engineers, scientists and skilled 
craftsmen are needed now at AiResearch in both Los Angeles and Phoenix. 


AiResearch Manutacturing 


A DIVISION OF THE GARRETT CORPORATION 


LOS ANGELES 45, CALIFORNIA @ PHOENIX, ARIZONA 


AiRESEARCH—specialists in the design and manufacture of aircraft accessories in the following major categories: air turbine refrigeration * cabin superchargers 
gas turbines * pneumatic power units * electronic controls * heat transfer equipment » electric actuators * cabin pressure controls and air valves 
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afer-thin rubber sandwich 
solves icing problem 


HIS JET ENGINE has only a part- 
p ered job. It provides extra power 
when the Convair B-36 takes off, in 
gaining desired altitude, and for that 
extra burst of speed needed over target 
areas. The rest of the time, it has to be 
covered tokeep the air from going inside. 

That's the reason for the shutter-like 
“doors” you see. Doors that must open 
when the extra power is needed. And 
ice forming in flight could seal the 
doors tight. Heat had to be provided, 
yet the shutters had to be almost wafer- 
thin. The manufacturer of the doors 
thought he could do it by making the 
shutters like a sandwich—if the sand- 


wich filler could be made thin enough 
and still provide the amount of heat 
needed to keep off ice. 

The experience of B. F. Goodrich 
with hundreds of airplane icing prob- 
lems came in handy on this one. It took 
some precise engineering to solve the 
tough problem of thinness, but it was 
done. The heater thatyturned the trick 
is only 44» of an inch thick! The core 
of resistance wires is imbedded by a 
unique BFG method into a layer of 
Fiberglas impregnated with rubber-like 
material. It provides all the anti-icing 
heat needed to keep the doors ice-free 
at all times! 


90 


B. F. Goodrich offers the aviation 
industry a background of almost 25 
years experience in anti-icing problems, 
working with both heat and pneumatic 
De-Icers. Other BFG products for avia- 
tion include: tires, wheels and brakes; 
Plastilock adhesives, Pressure Sealing 
Zippers; fuel cells, Rivnuts, accessories. 
The B. F. Goodrich Company, Aero 
nautical Division, Akron, Ohio. 


B.E Goodrich 


FIRST IN RUBBER 


* 
| 
‘ 
“ty 
* 
. 
4 
: jam 
é 
= 


iation 


st 25 


dlems, 


matic 
avia- 
rakes: 
aling 
sories. 


Aero 


th 


Aeronautical Reviews 


A Guide to the Current Literature of 
Aeronautical Research and Engineering 


|. PERIODICALS AND REPORTS 


The abstracts are classified according to the Air Technical Index Distribution Guide. 


Numbers in parentheses indicate 


the position ot the Division Headings in the numerical arrangement. 


Aerodynamics (2) Electronics (3)....... 98 Maintenance (25).. er . 108 
namics. . 992 Circuits & Components... .. 100 Ceramics & Ceramals..... 168 
Fluid Mechanics & Acrodynamic Communications... Corrosion & Protective Coatings. 106 
Internal Flow...... er 93 Electronic Tubes.......... nee 101 Nonmetallic Materials. . . 1192 
Performance...... 93 Measurements & Testing 103 Sandwich Materials. 112 
Stability & Control Ture 93 Navigation Aids........... 103 Meteorology (30). . 1192 
Wings & Airfoils..... 93 & Interference 103 1), 
Aeroelasticity . Saturable Reactors. 103 Photography (26)................ 114 
Air Transportation (41)....... 96 Transmission Lines....... 104 Power Plants 
Airplane Design (10)....... 97 Wave Propagation... 104 Jet & Turbine (5). 114 
Air Conditioning & Pressurization 97 Equipment Ram-Jet & Pulse-Jet 114 
Airplane Descriptions... . . 97 Electric (16). 104 Reciprocating (6). . 14 
Cockpits....... 97 Hydraulic & Pneumatic (20) 104 Rocket (4)..... 
Development Testing. 97 Flight Safety & Rescue (15). . .. 104 Production (36). . 114 
Ejection Seats. . 97 Flight Testing (13). . 104 Propellers (11). + NG 
Landing Gear...... 97 Fuels & Lubricants a 9) 104 Reference Works (47)... -. 116 
Operation & Performance. 97 Gliders (35)..... 104 
Rotating Wing Aircraft (34). . 
Windshields... . 98 Instruments (9). 104 Sci 1(3 
Wing Group........ 98 Machine Elements q 4) Brees eneral (33) 118 
Airports (39). ........- 98 Bearings. 108 S (7). 118 
Aviation Medicine (19) 98 Fastenings. . . . 108 
Gears Cams...... 108 Thermodynamics (18).......... 129 
Computers & Simulators. . . a» Mechanisms & Linkages 108 Water-Borne Aircraft (21)... . 129 
Education & Training (38). 98 Springs... 2. 108 Wind Tunnels & Research Facilities 1292 
ll. BOOKS REVIEWED IN THIS ISSUE 
Books, reports, and periodicals reviewed in this issue or in pre- bers ($0.40 to nonmembers) for each 8'!/2- by 11-in. print and 


vious issues may be borrowed on 2-week loan without charge by 
individual or Corporate Members of the Institute in the U.S. and 
Canada. Members of The Paul Kollsman Lending Library who 
are not Members of the Institute may borrow books and, in spe- 
cial cases, other research material. Members of the I.A.S. may 
borrow also from the Engineering Societies Library through The 
Paul Kollsman Lending Library. 

Photostatic copies of material in the Institute’s libraries may 
be obtained at a cost of $0.30 to members and Corporate Mem- 


$0.35 to members and Corporate Members ($0.45 to nonmembers) 
for each 11!/2- by 14-in. print, plus postage. A service charge 
of $1.00 is made to nonmembers of the I.A.S. Rates for micro- 
film copies will be sent on request. 

Bibliographies on special subjects will be compiled at the rate 
of $2.50 per hour. Tvranslations of technical literature from for- 
eign languages may be obtained at $12 to $14 per 1,000 words, 
depending on the language. I.A.S. members receive a 20 per 
cent discount on bibliographies and translations 


Full information about library membership and facilities will be sent upon request to The Paul Kollsman 


Lending Library, 


2? East 64th St., 
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Makes Flying Safer... 
More Efficient! 


Millions of flying hours prove the 
dependable performance of these impregnated 
fabric tapes in civilian and military use! 


@ Many of America’s leading 
builders of aircraft use Pitts- 
burgh’s FABSEAL Tapes with 
complete confidence in their 
outstanding quality to seal flying 
boats, pressurized cabins and 
for other applications where 
there is considerable racking 
movement. 

@ FABSEAL Tapes are im- 
pregnated fabric of uniform 
density, resistant to water, 
gasoline and oil. They are avail- 
able in .015” thickness and in 
widths from 42" to 12", pack- 
ages in rolls of 50 feet. 


PITTSBURGH PLATE GLASS CO., 


a Pa. Factories: 


Milwaukee, Wis.; 


@ These tapes are particularly 
designed for use in fluid or air 
containers where excessive 
pressures are experienced. 
They are also adapted for seal- 
ing structural members where 
flexibility and vibration present 
unusual requirements. FAB- 
SEAL Tapes can also be bolted, 
riveted or screwed between 
metal, wood or fiber members 
to provide a fillet that assures 
a complete seal. 


@ Call on us for advisory serv- 
ice. Our wide experience in the 
aircraft field often can save you 
time and money. 


Industrial Paint Div., 
Newark, N. 


Springdale, Pa.; Houston, Texas, Los Angeles, Calif.; Mendead 


Ore. Ditzler Color Div., 


Detroit, Michigan. The Thresher Paint 


& Varnish Co., Dayton, Ohio. Forbes Finishes Division, Cleveland, 
Ohio. M. B. Suydam Div., Pittsburgh, Pa. 
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ERING REVIEW O ¢ 


-TOBER, 1952 


Aerodynamics (2) 


BOUNDARY LAYER & THERMOAERODYNAMICS 


Power Requirements for Distributed Suction for Increasing 
Maximum Lift. R.C. Pankhurst and N. Gregory. Gt. Brit., 
Aeronautical Research Council, Current Papers No. 82, 1952 
(September 7, 1948). 7 pp.,illus. 4 references. British Informa 
tion Services, New York. $0.50. Analysis of the power economy 
of boundary-layer control by suction through a porous surface 

Readers’ Forum: Heat Transfer Near the Forward Stagnation 
Point of a Body of Revolution. M. Sibulkin. Journal of the 
Aeronautical Sciences, Vol. 19, No. 8, August, 1952, pp. 570, 571 
2 references. Development of a theoretical solution for the heat 
transfer near the forward stagnation point of a body of revolution 
in laminar, incompressible, subsonic flow. 

Readers’ Forum: A Graphical Method for Determining Exact 
Boundary-Layer Temperatures. J. J. Martin. Journal of the 
Aeronautical Sciences, Vol. 19, No. 8, August, 1952, p. 576, illus 
1 reference 

A Solution of the Laminar Boundary-Layer Equations for a Com- 
pressible Fluid with Variable Properties, Including Dissociation. 
L. L. Moore. Journal of the Aeronautical Sciences, Vol. 19, No. 8, 
August, 518, illus. 15 references 

Solution of the laminar boundary-layer equations for a flat 
plate; the analysis covers an evaluation of skin-friction and heat 
transfer characteristics for both the insulated plate and the heat 
transfer cases over a Mach Number range of 1 to 20. The equa 
tions are reduced to forms suitable for solution with analog com 
puters. 

Simplified Laminar Boundary-Layer Calculations for Bodies of 
Revolution and for Yawed Wings. Nicholas Rott and L. F 
Crabtree. Journal of the Aeronautical Sciences, Vol. 19, No. 8, 
August, 1952, pp. 553-565, illus. 45 references 

Extension of momentum methods in boundary-layer calcula 
tions to elementary three-dimensional cases and to compressible 
laminar boundary-layer calculations; brief analysis of the corre 
sponding problems for the turbulent boundary layer 

Readers’ Forum: Equations for Estimating Laminar Bound- 
ary-Layer Effects. Ralph Ashby Burton. Journal of the Aeronau- 
tical Sciences, Vol. 19, No. 8, August, 1952, pp. 573, 574, illus. 1 
reference 


1952, pp. 505 


FLUID MECHANICS & AERODYNAMIC THEORY 


Extension to the Cases of Two-Dimensional and Spherically 
Symmetric Flows of Two Particular Solutions to the Equations of 
Motion Governing Unsteady Flow in a Gas. 
(L’ Aerotecnica, Vol. 31, No 
U.S., N.A.C.A., Technical 
6 pp. 


Lorenzo Poggi. 

1, February 15, 1951, pp. 90, 91.) 
Memorandum No. 1332, June, 1952. 
1 reference 

Readers’ Forum: Fluid Motions Whose Kinematics Are Inde- 
pendent of Compressibility of Fluid. H.G. Loos. Journal of the 
Aeronautical Sciences, Vol. 19, No. 8, August, 1952, p 
1 reference. 

On the Particular Integrals of the Prandtl-Busemann Iteration 
Equations for the Flow of a Compressible Fluid. Carl Kaplan 
(U.S., N.A.C.A., Technical Note No. 2159, 1950 U.S., N.A 

'.A., Report No. 1039,1951. 6 pp. 
of Documents, Washington. $0.15. 

Translational Motion of Bodies Under the Free Surface of a 
Heavy Fluid of Finite Depth. M. D. Haskind. (Prikladnaia 
Matematika 1 Mekhanika, Moscow, Vol. 9, September, 1945, pp 
67-78.) U.S., N.A.C.A., Technical Memorandum No. 1345, 
June, 1952. 20 pp., illus. 3 references 

Analysis of the two-dimensional case of the wave motion pro 
duced in a heavy fluid of finite depth by the horizontal rectilinear 
and uniform motion of a solid body of arbitrary shape immersed 
in the fluid, assuming that the motion of the fluid is potential and 
steady relative to the body. 

Experimental Investigation of the Effects of Viscosity on the 
Drag and Base Pressure of Bodies of Revolution at a Mach Num- 


576, illus. 


3 references. Superintendent 


ber of 1.5. Dean R. Chapman and Edward W. Perkins. (U.S., 
N.A.C.A., Research Memorandum No. A7A31a, 1947 
N.A.C.A., Report No. 1036, 1951. 24 pp., illus. 21 references 


Superintendent of Documents, Washington. $0.25 
The Effect of High Viscosity on the Flow Around a Cylinder and 
Around a Sphere. F. Homann. (Zeitschrift fiir ange 
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Matematik und Mechanik, Vol. 16, No. 3, June, 
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N.A.C.A., Technical Memorandum No. 1334, June, 1952. 20 pp., 
illus. 2 references. 

Interferometric Analysis of Airflow About Projectiles in Free 
Flight. F. D. Bennett, W. C. Carter, and V. E. Bergdolt. Jour- 
nal of Applied Physics, Vol. 23, No. 4, April, 1952, pp. 453-469, 
illus. 14 references. 

An adaptation to the ENIAC of the interferogram reduction 
problem for axisymmetric flow; comparison of isopyenal charts 
from interferograms of projectiles in free flight with similar 
studies employing fixed models in a wind tunnel or a circular jet; 
analysis of sources of error. 

Heat Conduction in a Compressible Fluid. J. D. Cole and T 
Y.Wu. Journal of Applied Mechanics, Vol. 19, No. 2, June, 1952, 
pp. 209-213, illus. 3 references. 

A study of some exact equations of motion and heat transfer in 
a compressible fluid, neglecting the effects of viscosity and assum- 
ing that all disturbances are small. 

Flow Characteristics over a Lifting Wedge of Finite Aspect 
Ratio with Attached and Detached Shock Waves at a Mach 
Number of 1.40. John H. Hilton, Jr. U.S., N.A.C.A., Technical 
Note No. 2712, June, 1952. 21 pp.,illus. 20 references. 

Data, obtained in the Langley 4- by 4-ft. supersonic tunnel at 
M = 1.40, showing the effect of transition from an attached toa 
detached shock at the leading edge of an 8.2° wedge airfoil as the 
angle of incidence is increased. 

A Vector Study of Linearized Supersonic Flow; Applications to 
Nonplanar Problems. John C. Martin. U.S., N.A.C.A., Tech- 
nical Note No. 2641, June, 1952. 79 pp., illus. 15 references. 

Presentation of a vector derivation of general flow-study re- 
sults obtained by various methods; derivation of a hyperbolic 
scalar potential and a hyperbolic vector potential; vector analy- 
sis of problems concerned with planar bodies in supersonic flow; 
derivation of methods of solutions for problems dealing with non- 
planar systems. 

Readers’ Forum: Comments on ‘‘A Study of Transonic Gas 
Dynamics by the Hydraulic Analogy’’ by E. V. Laitone. W. C. 
Randels. Journal of the Aeronautical Sciences, Vol. 19, No. 8, 
August, 1952, p. 572. 2 references. 

Diffusion in a Field of Homogeneous Turbulence. II—The 
Relative Motion of Particles. G. K. Batchelor. Cambridge 
Philosophical Society, Proceedings, Vol. 48, Part 2, April, 1952, 
pp. 345-362, illus. 6 references. 

Analysis of the relative diffusion of the particles in a cloud of 
marked fluid in which the statistical history of the particles in 
diffusion is determined under the action of infinite, homogeneous 
turbulence. 

The Spectra of Turbulence in a Compressible Fluid; Eddy 
Turbulence and Random Noise. J. E. Moyal. Cambridge Philo- 
sophical Society, Proceedings, Vol. 48, Part 2, April, 1952, pp. 
329-344. 15 references. 

Mechanism of Turbulent Fluid Motion. Max Munk. Aero 
Digest, Vol. 64, No. 6, June, 1952, pp. 32, 34, 36, 38, 40, 42, 44, 46, 
48, illus. 


INTERNAL FLOW 


Rotational Effects on a Cascade of Aerofoil Blades. K. H. 
Khalil. The Engineer, Vol. 193, No. 5030, June 20, 1952, pp. 831- 
834, illus. 7 references. 

A wind-tunnel investigation of the effects of rotation on the 
flow around blades of airfoil shapes; comparison with results for 
the same blades under static conditions. 

Researches on Straight Wing Lattice. Gord Kanamoto. 
Japan Science Review, Vol. 2, No. 1, April, 1951, pp. 89-106, 
illus. 

An analysis in which the theory of wings in nonuniform flow is 
used to explain the effects of the number of airfoils and the bound- 
ary conditions of flow for cascades in flows bounded by fixed walls, 
by a free jet, by fixed walls and free jet, and by fixed walls at the 
inlet and movable walls at the exit. 

The Supersonic Axial Compressor. J. E. B. Perkins. Shell 
Aviation News, No. 167, May, 1952, pp. 20, 21, illus. Advan- 
tages of the axial compressor as compared with the centrifugal 
compressor for supersonic flight; problems in the development of 
the supersonic axial compressor. 

Whirling of a Bladed Disc. John L. Bogdanoff. Journal of the 
Aeronautical Sciences, Vol. 19, No. 8, August, 1952, pp. 519-528, 
illus. 1 reference. Analysis of the influence of elastic blades on 
the whirling natural frequencies of a bladed disc mounted on a 
cantilever shaft. 


Designing a Slot for a Given Wall Velocity. A. Thom and 
Laura Klanfer. Gt. Brit., Aeronautical Research Council, Current 
Papers No. 76, 1952 (December 18, 1950). 12 pp., illus. 3 ref- 
erences. British Information Services, New York. $0.50. 

Procedure for the arithmetical calculation of the wall shape of 
an expanding passage with specified constant wall velocities in 
which a slot withdraws fluid from the passage, of the slope of the 
slot entry, and of the effect on the velocity field of rounding the 
cusp that develops at the entry. The passage is symmetric and 
has an entry velocity of e (2.718) and an exit velocity of 1. 

Measurement of Recovery Factors and Friction Coefficients 
for Supersonic Flow of Air in a Tube. IIl—Results Based on a 
Two-Dimensional Flow Model for the Entrance Region. J. 
Kaye, T. Y. Toong, and R. H. Shoulberg. Journal of Applied 
Mechanics, Vol. 19, No. 2, June, 1952, pp. 185-194, illus., tables. 
8 references. 

Three-Dimensional Supersonic Nozzles and Inlets of Arbitrary 
Exit Cross Section. John C. Evvard and Stephen H. Maslen. 
U.S., N.A.C.A., Technical Note No. 2688, April, 1952. 12 pp., 
illus. 6 references. 

Development of a simple procedure, exact within the limits of 
the method of characteristics, for obtaining three-dimensional 
unsymmetric supersonic nozzles and inlets from known axisym- 
metric flows. 


PERFORMANCE 


Estimating Takeoff Run. Philip R. Conrath. Aero Digest, 
Vol. 64, No. 6, June, 1952, pp. 62, 64-66, 68, 70, illus. Mathemat- 
ical procedure for calculating the aircraft take-off ground run. 


STABILITY & CONTROL 


Use of Negative Camber in the Transonic Speed Range. W. 
F. Hilton. Gt. Brit., Aeronautical Research Council, Reports and 
Memoranda No. 2460, 1952 (March 8, 1947). 5pp., illus. 2ref- 
erences. British Information Services, New York. $0.50. 

Analysis of the problem of balancing an aircraft for stable 
horizontal flight in the transonic speed range (M = 0.8~-1.2); 
use of negative camber on the wing and tail surfaces to minimize 
the effect of trim changes caused by a sudden loss of lift which re- 
sult in a nose-heavy dive. 

An Analysis of the Pitching Motion of an Aeroplane Due to 
Sideslip. A. J. Marx and J. Buhrman. Netherlands, Nationaal 
Luchtvaartlaboratorium, Amsterdam, Report No. V.1602 ( Reports 
and Transactions, Vol. 16, pp. VI-V6), 1951. 6pp., illus. 3 ref- 
erences. 

Development of a method for determining the disturbed motion 
of an aircraft following a sudden rudder deflection or failure of an 
asymmetrically placed engine; establishment of a criterion for 
evaluating the pitching behavior due to sideslip. 

Prediction of Yawing Stability Characteristics of Airplanes Dur- 
ing Catapulting. Henry J. Kelley. Journal of the Aeronautical 
Sciences, Vol. 19, No. 8, August, 1952, pp. 529-539, illus. 7 ref- 
erences. 

Development of methods for the quantitative prediction of air- 
plane behavior following initial misalignment of the catapult in 
terms of time histories of motion, considering both single pendant 
and \V-bridge towing arrangements; analysis of the cases of a 
freely-castoring tail or nose wheel and of a locked and skidding 
tail or nose wheel; derivation of a stability criterion. 

A Study of the Use of Experimental Stability Derivatives in the 
Calculation of the Lateral Disturbed Motions of a Swept-Wing 
Airplane and Comparison with Flight Results. John D. Bird and 
Byron M. Jaquet. (U.S., N.A.C.A., Technical Note No. 2013, 
1950). U.S., N.A.C.A., Report No. 1031, 1951. 25 pp., illus. 
Superintendent of Documents, Washington, $0.25. 


WINGS & AIRFOILS 


The Solution by Lifting-Line Theory of Problems Involving 
Discontinuities. V. M. Falkner. Gt. Brit., Aeronautical Re- 
search Council, Reports and Memoranda No. 2592, 1952 (October, 
1947). 23 pp.,illus. 4 references. British Information Services, 
New York. $1.50. 

A preliminary report on the procedure for solving wing-loading 
problems involving discontinuities by the lifting-line theory, con- 
sidering four discontinuities: direction of leading or trailing edge, 
incidence, two-dimensional lift slope, and chord. The analysis is 
limited to wings in straight unyawed flight and includes lift, in- 
duced drag, and pitching, rolling, and yawing moments. Forma- 
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tion of the equations and solutions for a representative range of 
problems for a hypothetical wing are fully explained. The analy 
sis deals only with the potential solutions obtained by the lifting- 
line theory, with no specification of correction factors for vis- 
cosity. 

Notes on the Designing of Subsonic Aerofoils by Means of 
Ideal Fluid Theory. Tahito Ishida. Japan Society for Applied 
Mechanics, Journal, Vol. 5, No. 26, February, 1952, pp. 7-10. 7 
references. 

Notes on the Mean Aerodynamic Chord and the Mean Aerc- 
dynamic Centre of a Wing. A. H. Yates. Royal Aeronautical 
Society, Journal, Vol. 56, No. 498, June, 1952, pp. 461-474, illus 
12 references. 

High Speed Wind Tunnel Tests on an Aerofoil with and With- 
out Two-Dimensional Spanwise Bulges. J. A. Beavan, E. W. E 
Rogers, and R. Cartwright. Gt. Brit., Aeronautical Research 
Council, Current Papers No. 78, 1952 (February 16,1951). 34 pp., 
illus. 8 references. British Information Services, New York 
$1.25. 

Comparison of test data on a 5-in. chord pressure-plotting air 
foil having a single spanwise bulge on each surface with data on 
the plain airfoil (R.A.E.104 section, t/c = 0.10) at five angles of 
incidence (0°, + 2°, + 4°) and R = 1.5-1.9 X 108. 

Wind-Tunnel Tests on the 30 Per Cent Symmetrical Griffith 
Aerofoil with Ejection of Air at the Slots. N. Gregory, W.S 
Walker, and W. G. Raymer. Gt. Brit., Aeronautical Research 
Council, Reports and Memoranda No. 2475, 1952 (November 18, 
1946). 11 pp.,illus. 3 references. British Information Services, 
New York. $0.75. 

Pressure distributions of the flow about a 30 per cent thick 
Griffith airfoil with air ejection at the slots, at Reynolds Num 
bers of 0.96, 1.92, and 2.88 X 10® at various angles of attack and 
flap settings; comparison of the lift characteristics and drag re 
ductions obtained with air ejection with those obtained with suc 
tion, 

Flight Measurements of the Pressure Distribution on a Tem- 
pest Wing Up to a Mach Number of 0.8. K. Eyer. Gi. Brit., 
Aeronautical Research Council, Reports and Memoranda No 
2489, 1952 (December, 1946). British Information Services, New 
York. $1.00. 

Flight tests at M = 0.5-0.8 to determine the effects of Mach 
Number on the pressure distribution of the Hawker airfoil section 
as fitted to the Tempest and Fury aircraft; variation in center-of 
pressure, pitching moment, and areodynamic center with Mach 
Number. 

Calculated Pressure Distributions for the R.A.E. 100-104 Aero- 
foil Sections. R.C. Pankhurst and H. B. Squire. Gt. Brit 
Aeronautical Research Council, Current Papers No. 80, 1952 
(March, 1950). 20 pp., illus., tables. 2 references. British In 
formation Services, New York. $0.90. 

N.P.L. Aerofoil Catalogue and Bibliography. R.C. Pankhurst 
Gt. Brit., Aeronautical Research Council, Current Papers No. 81 
1951 (July 14, 1951). 20 pp. 6 references. British Information 
Services, New York. $1.15. 

A catalog of airfoils that have been designed (or substantially 
modified )at the National Physical Laboratory and which have bee: 
the subject of theoretical investigations, aircraft design studies, o1 
wind-tunnel tests, excluding wing sections designed specifically for 
aircraft companies; a list of 121 references on these airfoils 
Each airfoil is assigned an N.P.L. reference number, and they aré 
classified according to design studies. 

Two Methods for Predicting Air Loads on a Wing in Accel- 
erated Motion. Holt Ashley, John Dugundji, and Donald O 
Nelson. Journal of the Aeronautical Sciences, Vol. 19, No. 8 
August, 1952, pp. 5438-552, illus. 8 references. 

Development of two methods for predicting air loads: a rigor 
ous mathematical approach based on the Laplace transformation 
of the integral equation, and a simplified iterative approach 
based on an approximate representation of the wake of the air 
foil; solution of typical problems by both methods and compari 
son of the numerical results. 


The Effect of Pointed Tips on Wing Loading Calculations. \ 
M. Falkner. Gt. Brit., Aeronautical Research Council, Rep 
and Memoranda No. 2483, 1952 (October 25, 1946). 4 pp., illus 
2 references. British Information Services, New York. $0.40 

Evaluation of the errors introduced by pointed wing tips into 
the standard formulas for the calculation of wing loading by vor 
tex lattice theory; type of modification of the standard formulas 
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required to reduce to error; example of the calculation of the load- 
ing of a delta wing. 

Pressure Distribution Calculations with Viscosity Corrections 
for Aerofoils with Flaps. J. A. Zaat. Netherlands, Nationaal 
Luchtvaartlaboratorium, Amsterdam, Report No. F.88, November 
27,1951. 29 pp., illus., folding charts. 7 references. 

On the Design of Aerofoils for Which the Lift Is Independent 
of the Incidence. B. Thwaites. Gt. Brit., Aeronautical Research 
Council, Reports and Memoranda No. 2612, 1952 (January, 1947). 
17 pp., illus. 5 references. British Information Services, New 
York. $1.15. 

Mathematical processes, including approximate and exact 
methods, for designing airfoils for which the lift is independent 
of incidence to have specified velocity distributions at certain in- 
cidences and lift coefficients. 

Calculated Loadings Due to Incidence of a Number of Straight 
and Swept-Back Wings. V. M. Falkner. Appendix. Doris 
Lehrian. Gt. Brit., Aeronautical Research Council, Reports and 
Memoranda No. 2596, 1952 (June, 1948). 43 pp., illus. 8 ref- 
erences. British Information Services, New York. $2.75. 

Calculation of Lift and Pitching Moments Due to Angle of At- 
tack and Steady Pitching Velocity at Supersonic Speeds for Thin 
Sweptback Tapered Wings with Streamwise Tips and Supersonic 
Leading and Trailing Edges. John C. Martin, Kenneth Mar- 
golis, and Isabella Jeffreys. U.S., N.A.C.A., Technical Note No. 
2699, June, 1952. 116 pp.,illus. 17 references. 

Readers’ Forum: On Slender Wing-Body Theory. John R. 
Spreiter. Journal of the Aeronautical Sciences, Vol. 19, No. 8 
August, 1952, pp. 571, 572, illus. 8 references. 

Wind Tunnel Tests on a 90° Apex Delta Wing of Variable As- 
pect Ratio (Sweepback 36.8°). I—General Stability. J.G. Ross, 
R. Hills, and R. C. Lock. Il—Measurements of Downwash and 
Effect of High Lift Devices. R. C. Lock, J. G. Ross, and P. 
Meiklem. Gt. Brit., Aeronautical Research Council, Current 
Papers No. 83, 1952 (August, 1949). 58 pp., illus. 10 references. 
British Information Services, New York. $2.50. 

Bound and Trailing Vortices in the Linearised Theory of 
Supersonic Flow, and the Downwash in the Wake of a Delta 
Wing. A. Robinson and J. H. Hunter-Tod. Gf. Brit., Aeronau- 
tical Research Council, Reports and Memoranda No. 2409, 1952 
(October, 1947). 14 pp.,illus. 3 references. British Information 
Services, New York. $1.00. 

The Aerodynamic Derivatives with Respect to Sideslip for a 
Delta Wing with Small Dihedral at Zero Incidence at Supersonic 
Speeds. A. Robinson and J. H. Hunter-Tod. Gt. Brit., Aero- 
nautical Research Council, Reports and Memoranda No. 2410, 
1952 (December, 1947). 14 pp., illus. British Information Serv- 
ices, New York. $1.00. 

Tests on Three Equilateral Triangular Plates in the Com- 
pressed Air Tunnel. R. Jones and C. J. W. Miles. Gt. Brit., 
Aeronautical Research Council, Reports and Memoranda No. 
2518, 1952 (September 28, 1946). 7 pp.,illus., tables. British In 
formation Services, New York. $0.65. 

Measurements of the lift, drag, and pitching moment on three 
equilateral triangular plates with sides of 26, 36, and 47.8 in. at 
several speeds ranging from 29.9 to 73.3 ft. per sec. in order to es- 
timate the maximum span for sweptback triangular wings which 
could be tested in the N.P.L. Compressed Air Tunnel without ex- 
cessive tunnel corrections to the data. 


Aeroelasticity 


Approximate Theory of the Oscillating Wing in Compressible 
Subsonic Flow for High Frequencies. R. Timman. Nether- 
lands, Nationaal Luchtvaartlaboratorium, Amsterdam, Report No. 
F.99, December 13, 1951. 18 pp., illus., folding charts. 8 ref- 
erences. Development of approximate formulas for the aero- 
dynamic forces on a wing oscillating at high frequencies, using the 
Kirchhoff formulas from diffraction theory. 

Two-Dimensional Transient Motion and Flutter of a Wing 
Having Four Degrees of Freedom. Herbert Reismann and 
Gilbert C. Best. Journal of the Aeronautical Sciences, Vol. 19, No. 
8, August, 1952, pp. 540-542. 10 references. Derivation of the 
general equations of arbitrary motion for a wing-aileron-tab com- 
bination including aerodynamic balance. 

Study of Effects of Sweep on the Flutter of Cantilever Wings. 
J. G. Barmby, H. J. Cunningham, and I. E. Garrick. (U.S., 
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aviation industry 


--e-mechanical drives 


---power transmissions 


and assemblies 


any of the nation’s leading aircraft are equipped 
ith mechanical drives and power transmissions 
anufactured by Foote Bros. On aircraft engines, 
both reciprocating and jet, you will find Foote 
Bros. gears that meet extremely high load re- 
quirements coupled with exacting standards of 
dimensional accuracy, minimum size and weight. 

Foote Bros. engineers have had wide experi- 
ence in the development of gears and aircraft de- 
ices to meet unusual conditions of high speed, 
ow weight and compact size. Three large plants 
ure equipped with the newest machinery and 
eat treating facilities to produce precision gears, 
housings and other components to meet the most 
rigid specifications. 

Foote Bros. is one of the oldest and largest 

anufacturers of power transmission equipment 
in the country, with a long history of service to 
he aircraft industry. Our engineers may be able 
o help you solve the problem you are facing 
on the design or application of aircraft devices. 


FOOTE BROS. GEAR AND MACHINE CORPORATION 
Dept. G, 4545 So. Western Blivd., Chicago 9, Ill. 
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Arkwright Tracing Cloths are made to help 
you do your best work more easily. 


Arkwright cloth saves time. There’s never 
a pinhole, uneven yarn or other imperfection 
to slow you down. 


Arkwright cloth saves trouble. You can draw 
over erasures time and again and not have 
an ink line “feather’’. 


Arkwright cloth saves money. If needed, you 
can get clean, ghost-free reproduction from 
a drawing years after you make it—years 
after paper or inferior cloth would have 
turned brittle and opaque with age. 


Wouldn’t you like to see for yourself why 
Arkwright Tracing Cloth is best? Write for 
samples to Arkwright este Co., 
Industrial Trust Bldg., 
Providence, R. I. 


America’s Standard for Over 30 Yeeors 


REVIEW OCTOBER, 1952 


N.A.C.A., Technical Note No. 2121, 1950). U.S., N.A.C.A., Re 
port No. 1014,1951. 25pp., illus. 9 references 
of Documents, Washington. $0.25. 

Control Surface Flutter. E.G. Broadbent and W. T. Kirkby 
Royal Aeronautical Society, Journal, Vol. 56, No. 497, May, 1952, 
pp. 355-375, Discussion, pp. 375-381, illus. 8 references 

Methods of calculating and establishing the flutter properties 
of control surfaces for application to design and for correction 
during prototype flight testing; 
tests in flight; method of correlating flight test results and pre- 
flight calculations. 

A Discussion of the Effect of the Flexibility of Aircraft During 
Landing Impact. L.S. D. Morley and F. J. Plantema. Neth- 
erlands, Nationaal Luchtvaartlaboratorium, Amsterdam, Report 
No. S.369, January 24, 1952. 33 pp., illus. 44 references 

A study of the response of an elastic aircraft to impact loads 
during landing; review of the available literature concerning the 
analytic and empirical determination of dynamic increases in 
stress due to landing loads; evaluation of present methods of pre- 
dicting the dynamic stresses. 

The Yawing Vibrations of an Aircraft. J. Morris and G. S. 
Green. Gt. Brit., Aeronautical Research Council, Reports and 
Memoranda No. 2525, 1952 (March, 1946). 11 pp., illus. 5 ref- 
erences. British Information Services, New York. $0.90 

Development of a theoretical method for calculating the natu- 
ral frequencies and modes of yawing vibration of a complete air 
craft; the analysis is applied to a single-engined fighter. The 
method is based on the replacement of the continuous mass sys- 
tem of the aircraft by a system of a finite number of localized 
masses elastically connected. 


Superintendent 


Air Transportation (41) 


Slick Airways and U.S. Air Freighting. Shell 
No. 165, March, 1952, pp. 4-6, illus. 

Types of freight carried and types of aircraft used by Slick Air- 
ways; comparison of freight rates with those of Air Express and 
rail express; experience with Douglas DC-6A’s; possible effects 
of turboprop-engined aircraft and new fuels on rate reduction. 

Douglas Projects Air Cargo Trends to ’60. F. Lee Moore 
Aviation Week, Vol. 56, No. a June 30, 1952, pp. 67-69, illus 

Results of a study of < r freight economics and equipment 
undertaken by Douglas Pr sills Co. which projected a rate de- 
cline to 12 cents a ton-mile by 1960 which should result in a six- 
fold increase in air cargo volume. 

The Cost of Air Haulage. R.H. Thornton. Institute of Trans- 
port, Journal, Vol. 24, No. 10, May, 1952, pp. 368-370, 379. 
Chief characteristics of air-transport costs; evaluation of sug- 
gested cost reductions. 

Problems of Short-Haul Air Transport. Peter W. Brooks 
Royal Aeronautical Society, Journal, Vol. 56, No. 498, June, 1952, 
pp. 441-460, illus. 6 references. 

Types of world transport operations and problems connected 
with the operation of economical short-haul trips; 
future British helicopter uses in air transport. 

The B175 Global Concept; Trans-Pacific Operations on 
Bristol 175 Aircraft. I, II. L. Arthur. The Log, Vol. 12, Nos. 5, 
6, May, June, 1952, pp. 108-114; 142-146, illus. 

Route and payload assessment of the Bristol 175 for trans- 
Pacific operations; comparison of all-British Commonwealth 
routes with a composite route; considerations of politico-eco- 
nomic strategy. 

Graphical Analysis of Trans-Canada Airlines’ Progress on the 
North American Routes, 1946-1950. Adam Jaworski. Royal 
Aeronautical Society, Journal, Vol. 56, No. 497, May, 1952, pp 
382-391, illus. 7 references. 

The Air Transport Transformation; A Study of the World’s 
First Turbojet Airline. Denis Desoutter. Aeronautics, Vol. 26, 
JNo. 5, June, 1952, pp. 49-78, illus. 

Schedules, personnel, passenger-service,‘ radio equipment, 
meteorological services, and techniques of ground and air han- 
dling, navigating and operating, and maintaining the de Havilland 
Comets on B.O.A.C.’s South African service. 

Year of Decision. George E. Haddaway. Flight Magazine 
Vol. 37, No. 6, June, 1952, pp. 20, 21, 48, illus. Statistics on the 
growth and present operation of U.S. local-service air lines from 
1945-1951; C.A.B. policies concerning local operations 
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Airplane Design (10) 


The Airplane Growth Factor and How to Control It. Ivan H. 
Driggs. Aeronautical Engineering Review, Vol. 11, No. 9, Septem- 
ber, 1952, pp. 28-41, illus. 2 references. 

A generalized analytic approach to the overall growth trend in 
naval carrier-based aircraft, including a study of the growth 
factor (ratio between the gross weight and military load), and 
with particular reference to the powder-plant weight /aircraft 
weight ratio; design recommendations for controlling the growth 
factor. 


AIR CONDITIONING & PRESSURIZATION 


Complete Control for DC-3 Heating. American Aviation, Vol. 
16, No. 3, July 7, 1952, pp. 44, 46, illus. 

Construction and operation of a fully automatic heat control 
system designed by the Vapor Heating Corp. for the Douglas 
DC-3. The system incorporates electric actuators that adjust 
the mixing valves in response to mercury contact thermostat 
located in the heating ducts, cockpit, and cabin. 


AIRPLANE DESCRIPTIONS 


The Research Airplane. Walter T. Bonney. 
18, No. 6, June, 1952, pp. 1-15, illus. 

Review of U.S. projects on exploring the transonic speed range; 
evolution of the Bell X-1 rocket-powered and the Douglas D-558- 
II turbojet-powered high-speed research aircraft; air-borne and 
ground instrumentation required for obtaining flight data; flight 
test procedure and results. 


Design Problems for Interceptor Fighters. J.S. Bailey. Royal 
Aeronautical Society, Journal, Vol. 56, No. 498, June, 1952, pp. 
438-440, illus. Comparison of the performance of United Na- 
tions and U.S.S.R. sweptback fighters; design applications. 

Anderson-Greenwood 520 Aero Commander High-Wing Twin- 
Engined Five-Place Aircraft. Aviation Week, Vol. 56, No. 22, 
June, 1952, pp. 25, 26, 28, 31, illus. Canadian Aviation, Vol. 25, 
No. 6, June, 1952, pp. 78, 80, 134, illus. 

Canadair CL-21 Twin-Engined High-Wing Passenger-Freighter 
Aircraft, Canada. Flight, Vol. 61, No. 2254, June 13, 1952, p. 
704, illus. 

English Electric Canberra Twin-Engined Turbojet Bomber 
Aircraft, England. American Helicopter, Vol. 26, No. 6, May, 
1952, pp. 18, 15, illus. 

Fiat G 80 Single-Engined Turboprop Trainer-Fighter Aircraft, 
Italy. Interavia, Vol. 7, No. 5, May, 1952, pp. 275-279, illus. 

Leduc-021 Single-Engined Ram-Jet Interceptor Fighter Air- 
craft, France. Air Pictorial, Vol. 14, No. 6, June, 1952, p. 165, 
illus. 

A Turboméca Marbore II turbojet is carried at each wingtip to 
enable the aircraft to take off under its own power and obtain the 
speed at which the ram jet can be started. 

Lockheed Model 1049G Super Constellation Four-Engined 
Transport Aircraft. American Aviation, Vol. 16, No. 5, August 4, 
1952, pp. 18, 19, illus. 

Model 1049G is designed to permit conversion to turboprop 
power plants without any modifications to the basic structure 
other than installing turboprop nacelles and shortening the wing 
tips; gross weight is 133,000 lbs. 

North American F-86 Sabre Swept-Wing Single-Engined Tur- 
bojet Fighter Aircraft. Aero Digest, Vol. 64, No. 6, June, 1952, 
pp. 22-31, illus., cutaway drawing. Design evolution; speci- 
fications and performance; modifications; combat record. 

Republic F-84E Single-Engined Turbojet Interceptor-Fighter 
Aircraft. Aviation Week, Vol. 56, No. 22, June 2, 1952, pp. 34, 37, 
38, illus. Developments and problems of the electronic equip- 
ment and its installation. 

Ryan NY-P ‘Spirit of St. Louis’’ Single-Engined Aircraft. 
George F. McLaughlin. Aero Digest, Vol. 64, No. 5, May, 1952, 
pp. 26-32, 34, 36, 38, 40, illus., cutaway drawing. 

Type 150 Twin-Engined Turbojet Swept-Wing Bomber Air- 
craft, U.S.S.R. Jnteravia, Vol. 7, No. 5, May, 1952, p. 280, 
illus. 


Pegasus, Vol. 


COCKPITS 


Prone Flying. Fritz von Hermann. (Thermik, Vol. 5, Nos. 
1-3, January—March, 1952.) Sailplane and Glider, Vol. 20, No. 6, 
June, 1952, pp. 5-7, illus. 


Advantages of a cockpit design that allows the pilot to be in a 
prone position; brief résumé of the development of the concept 
of prone flying and of pilots’ experiences with prone flying in 
German sailplanes. 

Cockpit Instrument Panel Standardized. M.G. Beard. SAE 
Journal, Vol. 60, No. 6, June, 1952, pp. 50, 51, illus. Standard 
layouts for cockpit instrument panels, as developed by the SAE 
Cockpit Standardization Committee S-7. 


DEVELOPMENT TESTING 


Background to the Britannia. The Aeroplane, Vol. 82, No. 
2133, June 6, 1952, pp. 688-700, illus. Mock-ups and routine and 
structural tests employed in the development of the Bristol B175 
Britannia. 


EJECTION SEATS 


(Martin-Baker) Ejection-Seat. II—Main Sheet-Metal Sub- 
assemblies and Seat-Raising Mechanism. H. J. Pearson. Air- 
craft Production, Vol. 14, No. 164, June, 1952, pp. 208-214, 
illus. 


LANDING GEAR 


Aircraft Landing Gear: Ground Loads When Spinning-Up the 
Wheels at Touch-Down. J. W. Blinkhorn. Gt. Brit., Aeronau- 
tical Research Council, Reports and Memoranda No. 2588, 1952 
(June, 1948). 13 pp., illus. British Information Services, New 
York. $1.00. 

An investigation covering all combinations of landing speed, 
C; between the tire and ground, and severity of landing, for any 
type of pneumatic wheel and tire unit, with data on landing 
speeds between 50 and 150 m.p.h., Cy from 0 to 2.0, and vertical 
wheel accelerations of 1, 2, 3, and 4g. 

Dunlop Maxaret Unit; Anti-Skid Device for Aircraft Brakes. 
Shell Aviation News, No. 165, March, 1952, pp. 14-16, illus. 

Construction and operation of Dunlop Maxaret Unit for auto- 
matic brake control which prevents wheel locking on high per- 
formance aircraft; flight experience. The unit can be installed 
on the brake without any additional structure or linkage. 


OPERATION & PERFORMANCE 


The Future of Turbine-Powered Transport Aircraft. R. J. 
Templin. Canada, National Research Council, Aeronautical 
Laboratories, Quarterly Bulletin, Report No. NAE 1952 (1), 
January 1—March 31, 1952, pp. 1-5, illus. 

Results of a part of an investigation of the factors affecting the 
design of turbine-powered transport aircraft; calculations of 
operating-speed regions for turboprop-, turbojet-, and piston- 
powered aircraft; comparison of these calculations with pub- 
lished technical opinions on the economical operating regions for 
these systems; problems and probable characteristics of future 
jet-powered transports. 

Some Aspects of Civil Turbojet Aircraft Performance. D. R. 
Newman. Aeronautics, Vol. 26, No. 5, June, 1952, pp. 75, 76, 78, 
81, illus. 

Development of expressions for an optimum range technique 
for jet aircraft cruise control; comparison with piston-engine 
techniques; method of presenting and applying jet engine data in 
nondimensional form for simplifying the analysis, calculation, and 
presentation of jet aircraft performance data. 

Economic Aspects of the Supersonic Jet Transport. Robert E. 
Hage and Richard D. Fitzsimmons. Aeronautical Engineering 
Review, Vol. 11, No. 9, September, 1952, pp. 42-45, illus. 
Analysis of the aircraft design parameters that affect aircraft 
range and determine the weight and direct operating costs of 
supersonic jet transports. 

de Havilland D.H. 106 Comet Four-Engined Turbojet Trans- 
port Aircraft, England. Aeronautics, Vol. 26, No. 5, June, 1952, 
pp. 75, 76, 78, 81, illus. Shell Aviation News, No. 167, May, 1952, 
pp. 4-10, illus. 

Douglas DC-7 Four-Engined Transport Aircraft. Aviation 
Week, Vol. 56, No. 24, June 16, 1952, pp. 91, 92, illus. 

Handley Page Hastings C. Mk. 1 Four-Engined Transport 
Aircraft, England (The Effects of Atmospheric Humidity and 
Temperature on the Engine Power and Take-Off Performance 
of a Hastings 1). G. Jackson. Gt. Brit., Aeronautical Research 
Council, Current Papers No. 77, 1952 (February 9, 1950). 34 pp., 
illus., folding charts. 10 references. British Information Serv- 
ices, New York. $1.40. Flight tests to determine the effects of 
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changes in humidity and air temperature on engine power, fuel 
flow, and aircraft take-off performance. 
North American F-86 Sabre Single-Engined Turbojet Fighter 


Aircraft. Aviation Week, Vol. 56, No. 26, June 30, 1952, pp. 52- 
54, illus. Combat evaluation. 
WINDSHIELDS 


Vampire Canopy; The Construction of the de Havilland 
Night-Fighter Cockpit Enclosure. I—Castings. Aircraft Pro 
duction, Vol. 14, No. 164, June, 1952, pp. 186-190, illus 


WING GROUP 


A Variable-Shape Aeroplane. W.H. Sayers. he Acroplane, 
Vol. 82, No. 2135, June 20, 1952, pp. 749-752, illus. 

An analysis of the practicability of the design patented in 
Britain by L. E. Baynes for a supersonic single-place aircraft 
powered by two Rolls-Royce Avon turbojet engines. The wings 
are hinged to the fuselage and can be folded and unfolded in 
flight permitting a sweepback variation up to 60°, in order to ob 
tain optimum correlation of sweepback with flight speed 


Airports (39) 


Performance Characteristics of Jet Aircraft and Requirements 
of Air Traffic Control. Aeronautical Society of India, Journal, Vol 
4, No. 1, February, 1952, pp. 27-31, illus. 4 references 

Problems of air-traffic control at high speeds and altitudes; 
proposed requirements to insure safe and economical operation of 
jet aircraft on regular commercial air routes. 

Air Traffic Control System. George Heath. 
25, No. 6, June, 1952, pp. 152, 154, illus. 

Construction and operation of the Rho-Theta Transponder, a 
small air-borne radar safety beacon, which allows positive identi 
fication of aircraft seen in a radar screen by an airport ground 
control operator. 

What About Tomorrow's Heliports? Lois C. Philmus. A mer 
ican Aviation, Vol. 16, No. 5, August 4, 1952, pp. 32, 33, illus 
Planning considerations and procedures for heliports; 
nary heliport design criteria, 


Electroni 


, Vol 


prelimi 


Will ‘‘Stratoports’’ Solve Airport Problems? Joseph S 
Murphy. American Aviation, Vol. 16, No. 4, July 21, 1952, p. 22, 
illus. Design plan for a Stratoport which features undirectional 


runways that are protected by 50-ft. V-shaped wind-absorbing 
fences. 


Aviation Medicine (19) 


Eye Fixations of Aircraft Pilots. VII—Fixations During Day 
‘and Night GCA Approaches Using an Experimental Panel Ar- 
rangement. John L. Milton, Billy B. McIntosh, and Edward L 
Cole. U.S., Air Force, Technical Report No. 6709, February 
1952. 35pp., illus. 8 references. 

Design for Zero ‘‘G’’; A Man-Carrying Rocket for Physio- 
logical Research in Near Space. K.W.Gatland. Flight, Vol. 61 
No. 2266, June 27, 1952, pp. 774, 775, 779, illus. A proposal for 
research into the physiological effects of weightlessness and for a 
man-carrying research rocket designed to produce the required 
data. 


Computers & Simulators 


Modern Computing Machines. G. Truman Hunter. Franklin 
Institute, Journal, Vol. 253, No. 6, June, 1952, pp. 568-583 


illus. 

Brief history of the development of modern large-scale high 
speed digital computers; types of storage systems and of systems 
and units for input-output operation; design features and opera 
tion of several digital machines. 

Universal High-Speed Digital Computers; A Magnetic 
Store. F.C. Williams, T. Kilburn, and G. E. Thomas. (J.E./ 
Measurements Section, Paper No. 1191.) Institution of Electric 
Engineers, Proceedings, Part II, Power Engineering, Vol. 99, No 
68, April, 1952, pp. 94-106, Discussion, pp. 120-123, illus. 13 ref 
erences 

Elements, construction, and principles of operation of an « 


perimental magnetic-drum storage system with a capacity of 
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1952 


3,000 numbers, each of 40 binary digits, developed for the Man- 
chester University digital computer. 

Universal High-Speed Digital Computers; Serial Computing 
Circuits. F. C. Williams, A. A. Robinson, and T. Kilburn 
(.E.E., Measurements Section, Paper No. 1164.) Institution of 
Electrical Engineers, Proceedings, Part II, Power Engineering, 
Vol. 99, No. 68, April, 1952, pp. 107-120, Discussion, pp. 120-123, 
illus. 13 references. 

Construction, principles of operation, and application of com 
puting circuits for electronic high-speed digital computers that 
use serial representation of binary numbers, developed for the 
University of Manchester digital computer. 

High Stability Computer Reference Power Supply. Frank R 
Bradley and Rawley D. McCoy. Tele-Tech, Vol. 11, No. 5, 
June, 1952, pp. 44, 45, illus. Circuit of the high-capacity ref 
erence power supply for the Reeves REAC analog computer. 

The Solution of Algebraic Equations on the EDSAC. R. A 
Brooker. Cambridge Philosophical Society, Proceedings, Vol. 48, 
Part 2, April, 1952, pp. 255-270, illus. 16 references 

Analysis of three iterative methods for solving algebraic equa 
tions on the EDSAC high-speed digital computer to determine the 
suitability of these methods as routines for high-speed computers 

Interferometric Analysis of Airflow About Projectiles in Free 
Flight. F. D. Bennett, W. C. Carter, and V. E. Bergdolt. 
nal of Applied Physics, Vol. 23, No. 4, April, 1952, pp. 453-469, 
illus. 14 references. An adaptation to the ENIAC of the inter 
ferogram reduction problem for axisymmetric flow. 

Let Punched Cards Solve That Problem. Rudolph Haber 
mann, Jr.,and Frank J. Maginniss. General Electric Review, Vol 
55, No. 3, May, 1952, pp. 8-12, illus. 

Techniques of solving problems with punched-card equipment 
and the types of calculations used for this purpose; typical ex- 
amples of problems best solved by punched-card techniques 


Jour 


Education & Training (38) 


Link Simulator Boosts B-47 Potential. Philip Klass. Avia- 
tion Week, Vol. 56, No. 24, June 16, 1952, pp. 65, 66, 68-70, 
illus. 

Construction, operation, and advantages of the B-47B flight 
simulator, developed and in large-scale production by Link Avia- 
tion, Inc., for U.S.A.F. training, which duplicates exactly the 
flight characteristics of the B-47 including aileron reversal; 
the instructor can cause 65 different hazardous conditions 


Electronics (3) 


An Investigation into the Mechanism of Magnetic-Tape Re- 
cording. P.E. Axon. (J.E.E., Radio Section, Paper No. 1149.) 
Institution of Electrical Engineers, Proceedings, Part III, Radio 
and Communication Engineering, Vol. 99, No. 59, May, 1952, pp 
109-124, Discussion, pp. 124-126, illus. 6 references. 

An investigation of the magnetic-tape recording process based 
on the known initial magnetic behavior of ferromagnetic ma- 
terials; analysis of the effects of asymmetry and of biased and 
unbiased recording. 

Republic Designs Avionics into New Jet. Philip Klass 
Aviation Week, Vol. 56, No. 22, June 2, 1952, pp. 34, 37, 38, illus. 

Comparison of the radar, communications, identification, auto- 
matic engine controls, fire control, and other electronic equip 
ment installed on Republic’s F-84E single-engined turbojet inter 
ceptor-fighter aircraft with the equipment installed on other 
fighter-interceptor aircraft. 


ANTENNAS 


Wing-Tip Antenna for Jet Fighter Aircraft. James O. Martin. 
Tele-Tech, Vol. 11, No. 4, May, 1952, pp. 36-38, 133, 134, illus 

Scale-model studies and flight tests of the radiation characteris- 
tics of a zero-drag omnidirectional range antenna located in the 
left wing tip of a jet fighter which would operate in the 108-122 
mec. range to receive horizontally-polarized signals; 
patterns 


radiation 


Antennas for Commercial Aircraft. TJele-Tech, Vol. 11, No. 4, 
May, 1952, pp. 61, 80, illus. Types and functions of the ten 
antennas carried for communication, navigation, and landing sys- 
tems on the Martin 4-0-4 transport aircraft. 
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INFORMATION 


on positions at 


NORTHROP 


Northrop Aircraft, Inc. is engaged 
in vitally important projects in 
scientific and engineering 
development, in addition to aircraft 
production. The program is 
diversified, interesting and long- 
range. Exceptional opportunities 
await qualified individuals. 


The most responsible positions 
will go to top-caliber engineers 
and scientists. However, a number 
of excellent positions exist for 
capable, but less experienced, 
engineers. Some examples of the 
types of positions now open are: 
BOUNDARY LAYER 

RESEARCH SCIENTISTS... 
ELECTRONIC PROJECT ENGINEERS... 
ELECTRONIC INSTRUMENTATION 
ENGINEERS...RADAR ENGINEERS... 
FLIGHT-TEST ENGINEERS...STRESS 
ENGINEERS...AERO- AND 
THERMODYNAMICS...SERVO- 
MECHANISTS...POWER-PLANT 
INSTALLATION DESIGNERS... 
STRUCTURAL DESIGNERS ...ELECTRO- 
MECHANICAL DESIGNERS...ELECTRICAL 
INSTALLATION DESIGNERS... 
ENGINEERING DRAWING CHECKERS 


Qualified engineers and scientists 

who wish to locate permanently in 

Southern California are invited 

to write for further information 

regarding these interesting, long- U.S. Air Force Northrop Scorpion F-89s 

‘ange iti inc ‘ 

venge oad Please include are guarding America’s boundaries in 

an outline of your experience 

and training ever-increasing numbers. The Scorpion 


is designed and built by the 
Allowance for travel expenses. 
engineers and craftsmen who 


Address correspondence to produced the deadly Black Widow 


Director of Engineering, P-61 of World War Il fame 


NORTHROP 
AIRCRAFT, INC. NORTHROP AIRCRAFT, 


NHAWTNHORNE, CALIFORNIA 
1005 E. BROADWAY 


HAWTHORNE, CALIFORNIA PIONEER BUILDERS OF NIGHT AND ALL WEATHER 
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need help 
on the controls? 


© = 
| 


If you havea control problem, have you considered 
the advantages of Baldwin-Rex® Turnbuckle 
Assemblies? They provide a simple, positive 
method of making delicate tension adjustments in 
tension linkages. With these precision-made 
assemblies, aircraft control roller chains can oper- y 
ate in all three planes. They can be used in various 
combinations of chain, cables, and other attach- 
ments . . . or connected to arms, levers or other 
actuating units. 

Baldwin-Rex Turnbuckle Assemblies are de- 
signed to accurately fit the roller chain on which 
they are to be used. This precise fit eliminates 
backlash and excessive sideplay. 

Baldwin-Rex Engineers will be happy to assist 
you in the design of turnbuckle assemblies, yokes 
or clevises for your particular control application. 
For information, write or call Baldwin-Duckworth, 
Division of Chain Belt Company, 355 Plainfield 
St., Springfield 2, Mass., or consult your Baldwin- 
Rex Field Sales Engineer. Our informative hand- 
book on Tension Linkages is yours for the asking. 


© ROLLER CHAINS 


Radiation Field of a Square, Helical Beam Antenna. H 
Lottrup Knudsen. Journal of Applied Physics, Vol. 23, No. 4, 
April, 1952, pp. 483-491, illus. 8 references. 

Derivation of rigorous expressions for the field from a square, 
helical antenna with a uniformly progressing current wave with 
constant amplitude, for direct use for helical antennas in the 
meter band, where only square helices are used. 

A Family of Designs for Rapid Scanning Radar Antennas. 
R. F. Rinehart. Jnstitute of Radio Engineers, Proceedings, Vol 
40, No. 6, June, 1952, pp. 686-688, illus. 2 references 

Derivation of a family of parallel-plate radar lenses from an 
optical result of Luneberg; the lenses possess theoretically per 
fect optics and do not require large feed circles. 

Modified Magic Tee Phase Shifter for Microwaves. R. H 
Reed. Tele-Tech, Vol. 11, No. 5, June, 1952, pp. 50-52, illus 

Microwave-Antenra Ferrite Applications. N. G. Sakiotis, 
A. J. Simmons, and H. N. Chait. Electronics, Vol. 25, No. 6, 
June, 1952, pp. 156, 158, 162, 166, illus. 1 reference 


CIRCUITS & COMPONENTS 


The Approximation with Rational Functions of Prescribed 
Magnitude and Phase Characteristics. John G. Linvill. Jnsti 
tute of Radio Engineers, Proceedings, Vol. 40, No. 6, June, 1952, 
pp. 711-721, illus. 6 references 

Application of the method of successive approximations to the 
selection of network functions that have specified magnitude and 
phase variation with frequency; the method consists of a pre 
liminary choice of pole and zero positions, followed by successive 
adjustments of these positions 

R-C Coupling Networks. Gilmore Bowers. Radio & Tele 
vision News, Vol. 47, No. 6, June, 1952, Radio-Electronic Engi 
neering Section, p. 32, illus. Nomograph for calculating the 
phase shift and attenuation in R-C coupling networks 

Discussion on ‘‘The Synthesis of RC Networks to Have Pre- 
scribed Transfer Functions’? by H. J. Orchard. Ernst A 
Guillemin. Author’s Reply. Jnstitute of Radio Engineers, Pro 
ceedings, Vol. 40, No. 6, June, 1952, pp. 725, 726. 2 references 

The Iterated Network and Its Application to Differentiators. 
M.C. Pease. Institute of Radio Engineers, Proceedings, Vol. 40, 
No. 6, June, 1952, pp. 709-711, illus. 5 references. 

Analysis of a compound differentiating circuit formed by the 
iteration of a simple RC differentiator. An expression is obtained 
for the transmission matrix of a four-terminal passive network of 
n iteration. 

Introduction To Formal Realizability Theory. II. Brockway 
MeMillan. Bell System Technical Journal, Vol. 31, No. 3, May, 
1952, pp. 541-600, illus. 16 references. 

Feedback in Time-Base Circuits. A.E. Ferguson. Electronic 
Engineering, Vol. 24, No. 292, June, 1952, pp. 280, 281, illus 
Comparison of the circuits, operation, and output voltages of the 
Miller time-base circuit and the constant-current pentode time- 
base circuit. 

Axially Symmetric Electron Beam and Magnetic-Field Sys- 
tems. Lawrence Arnold Harris. Institute of Radio Engineers, 
Proceedings, Vol. 40, No. ®& June, 1952, pp. 700-708, illus. 6 
references. 

Analysis of the dynamics of hollow or solid high-density axially 
symmetric electron beams; influence of the cathode or other end 
conditions on the electron beam; design formulas and experi 
mental data for several cathode arrangements. 

Space-Charge Waves in an Accelerated Electron Stream for 
Amplification of Microwave Signals. Ping King Tien and 
Lester M. Field. Jmnstitute of Radio Engineers, Proceedings, Vol 
40, No. 6, June, 1952, pp. 688-695, illus. 9 references. 

Analysis of space-charge waves in an accelerated or decelerated 
stream, using a one-dimensional small-signal approximation; 
application of the analytic data to the design of amplifiers for 
microwave signals. 

The Production of Current Pulses by Means of a Chopped Dis- 
charge. J. Durnford and N. R. McCormick. (J.E.E., Measure 
mynts Section, Paper No.1203.) Institution of Electrical Engineers, 
Proceedings, Part II, Power Engineering, Vol. 99, No. 67, Febru 
ary, 1952, pp. 33-37, illus. 6 references. 

Development of a chopped-discharge technique that uses a 
compensated discharge circuit to produce current pulses in a 
spark-gap, of up to 500 amp. in amplitude and 10 usec. in dura 
tion with a fall-time of less than 0.25 usec. 

Accelerometer Integration. Alvin B. Kaufman. Radio © 
Television News, Vol. 47, No. 6, June, 1952, Radio-Electronic 
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Engineering Section, pp. 14, 15,25, illus. 4references. Criteria 
for the operation and the design of integrator circuits for the in- 
dication of velocity and displacement in vibration pickups. 

Pulse Delay-Line Design Chart. C.A.Epp. Electronics, Vol. 
25, No. 6, June, 1952, p. 150, illus. 

Chart permits rapid determination of capacitance and induct- 
ance values for delay and pulse-forming lines having impedances 
from 10 to 10,000 ohms and for delays from 0.01 to 1,000 usec. 

Nonlinear Elements and Applications in AF and RF Circuits. 
Il. Hans E. Hollman. Tele-Tech, Vol. 11, No. 4, May, 1952, 
pp. 56, 57, 122, 124, 126, 128, illus. 6 references. 

Theory of operation, design factors, and practical applications 
of three types of nonlinear elements: saturable reactors, ferro- 
electric capacitors, and varistors; explanation of the principle of 
polaresistivity and of the polaristor. 

Shaping Nonlinear Resistor Characteristics. Jordan J. 
Baruch. Tele-Tech, Vol. 11, No. 5, June, 1952, pp. 42, 43, 88, 
illus. 

Development of two methods for controlling nonlinear resistor 
characteristics: a graphical procedure for computing the behavior 
of the nonlinear resistor with linear feedback, and a procedure for 
providing feedback around a two-terminal network in terms of 
physical operations. 

Instrument Electronics. Milton H. Aronson. JIJnstruments, 
Vol. 25, No. 5, May, 1952, pp. 608, 609, 648, 650, 652, 654, illus. 
Circuits, operation, advantages and disadvantages, and applica- 
tions of the magnetic amplifier, the dielectric amplifier, and the 
transistor 

Single-Ended Push-Pull Amplifier. Wéreless World, Vol. 58, 
No. 5, May, 1952, pp. 208, 204, illus. 3 references. 

Circuit, operation, and advantages of a push-pull output stage 
developed by the General Radio Co. in which the output tubes 
are connected in series relative to the d.c. supply, but the a.c. 
load is effectively shared by the two tubes in parallel. 

New Low-Temperature Capacitors. J. W. Maxwell. Tele- 
Tech, Vol. 11, No. 5, June. 1952, pp. 58, 138, 139, illus. Design 
details and electrical characteristics of electrolytic capacitors of 
aluminum tubular design for operations in temperatures down to 

Some Considerations in the Design of a Miniature Filter- 
Transformer. Thomas T. Brown. Marconi Review, Vol. 15, 
No. 105, 2nd Quarter, 1952, pp. 90-94, illus. 2 references. 

Circuit, construction, and operation of a filter assembly that 
uses the input transformer as an integral part of the bandpass 
filter; methods of minimizing the effect of low Q factors in the 
inductance elements or for obtaining a high Q in a miniature lam- 
ination size. 

Present Status of Transistor Development. J. A. Morton 
Bell System Technical Jorunal, Vol. 31, No. 3, May, 1952, No. 3, 
pp. 411-442, illus. 6 references. 

Some New Miultivibrators. Chang Sing and Chu Yao-I. 
Electronic Engineering, Vol. 24, No. 292, June, 1952, pp. 270, 271, 
illus. Circuits and operation of three new types of free-running 
multivibrators; waveforms produced by each circuit. 

Component Colour Coding. D.F. Urquhart. Wireless World, 
Vol. 58, No. 5, May, 1952, pp. 193, 194, illus. 

A summary of the standard color-coding systems now in use for 
indicating the value of and for identifying resistors, capacitors 
(including metallized-paper capacitors), and transformers. 
Tables give the color code, referred value series, and tolerance of 
these components. 

An Analysis of Crystal Diodes in the Millivolt Region. W. B. 
Whalley and C. Masucci. Tele-Tech, Vol. 11, No. 4, May, 1952, 
pp. 40-42, 130, 131, illus. Analysis of silicon and germanium 
diodes for voltage rectification. 

The Elastic Constants of Piezoelectric Crystals. R. F. S. 
Hearmon. British Journal of Applied Physics, Vol. 3, No. 4, 
April, 1952, pp. 120-124, illus. 23 references. 


COMMUNICATIONS 


Basic Communication Theory. I. L.S. Schwartz. Radio & 
Television News, Vol. 47, No. 6, June, 1952, Radio-Electronic 
Engineering Section, pp. 3-5, 28-30, illus. 9 references. 

A Comparison of Signalling Alphabets. E. N. Gilbert. Bell 
System Technical Journal, Vol. 31, No. 3, May, 1952, pp. 504-522, 
illus. 3 references. 

Analysis of the performance of simple signaling alphabets, 
based on Shannon’s encoding systems, and using two channels: 
a discrete channel for transmitting sequences of binary digits, 


and a continuous channel for band-limited signals; comparison 
with ideal signaling systems. 

Statistical Errors in Measurements on Random Time Func- 
tions. W. B. Davenport, Jr. Journal of Applied Physics, Vol. 
23, No. 4, April, 1952, pp. 377-388, illus. 28 references. 

Analysis of the statistical error introduced in the measurement 
of time averages of signals and random noise in communications 
systems when the time available for measurement is not infinite. 


CONSTRUCTION TECHNIQUES 


Etched Sheets Serve As Microwave Components. R. M. 
Barrett. Electronics, Vol. 25, No. 6, June, 1952, pp. 114-118, 
illus. 3 references. 

Development, advantages, and applications of a microwave 
printed circuit technique, based on the planar or flat-strip trans- 
mission system, which can be used to construct all of the conven- 
tional microwave components. 

New Potting Compound Has Controlled Shrinkage. Materials 
& Methods, Vol. 35, No. 6, June, 1952, pp. 117, 118, illus. 

General characteristics and properties and applications of 
Polyform, a series of polyester-type compounds developed by 
B. G. Forman Co., New York, for potting, encapsulating, sealing, 
embedding, and impregnating electric and electronic components. 


ELECTRONIC TUBES 


Vacuum-Tube Testers. James L. Flanagan. Electronics, 
Vol. 25, No. 6, June, 1952, pp. 139-141, illus. RTMA classifica- 
tion of tube-testers; circuits and applications of each type of 
tester. 

Valve Life Testing. R. Brewer. Wireless World, Vol. 58, No. 
6, June, 1952, pp. 239-242, illus. Adaptation of standard equip- 
ment to the testing of various types of electron tubes. 

Tube Reliability from the Tube Manufacturer’s Viewpoint. 
Marcus A. Acheson. Sylvania Technologist, Vol. 5, No. 2, April, 
1952, pp. 34, 35. Problems in the production of a properly bal- 
anced line of reliable military tubes. 

Matric Theory Applied to Thermionic Valve Circuits. Sidney 
R. Deards. Electronic Engineering, Vol. 24, No. 292, June, 
1952, pp. 264-267, illus. 

Extension of the matrix theory of linear four-terminal net- 
works to include thermionic tubes in linear operation; develop- 
ment of a stable system of matrix notation for studying tube be- 
havior. 

RF Phase Control in Pulsed Magnetrons. E. E. David, Jr. 
Institute of Radio Engineers, Proceedings, Vol. 40, No. 6, June, 
1952, pp. 669-685, illus. 12 references. 

Analysis of preoscillation conditions in the magnetron; deriva- 
tion of the initial conditions for the dynamic behavior of a magne- 
tron started in the presence of an externally applied exciting 
signal, including the effects of the starting transient, in terms of 
the exciting preoscillation signal-to-noise ratio. The system is 
analyzed by two methods: one in which the starting is con- 
sidered as a quasi-steady-state process, the other in which the 
magnetron is approximated by a parallel RLC circuit shunted 
by a negative, nonlinear conductance. 

Effect of Thermal-Velocity Spread on the Noise Figure in 
Traveling-Wave Tubes. Philip Parzen. Journal of Applied 
Physics, Vol. 23, No. 4, April, 1952, pp. 394406, illus. 11 refer- 
ences. 

The Plasmatron, a Continuously Controllable Gas-Discharge 
Developmental Tube. E. O. Johnson and W. M. Webster. 
Institute of Radio Engineers, Proceedings, Vol. 40, No. 6, June, 
1952, pp. 645-659, illus. 11 references. 

Theory, principles of operation, and applications of the plas- 
matron, a tube that utilizes an independently generated gas-dis- 
charge plasma as a conductor between a hot cathode and an 
anode. Variation of the conductivity or of the effective cross- 
section of the plasma provides for continuous modulation of the 
anode current. 

Peak-Noise Characteristics of Glow-Discharge Voltage-Regu- 
lator Tubes. H. Bache and F. A. Benson. Electronic Engineer- 
ing, Vol. 24, No. 292, June, 1952, pp. 278, 279, illus. 9 refer- 
ences. 

Some Recently Developed Cold Cathode Glow Discharge 
Tubes and Associated Circuits. III. G. H. Hough and D. S. 
Ridler. Electronic Engineering, Vol. 24, No. 292, June, 1952, pp. 
272-276, illus. 

Operation and design of the G10/240E decade counter tube 
that is a combination of a directional cathode and a plain trans- 
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ucts, Inc., 27 Rector St., New York 
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fer cathode; circuit applications of the G10/240E and the related 
G1/370K high-speed trigger tube 

Space-Charge Reactance Tube. Lavergne E. Williams. 
Electronics, Vol. 25, No. 6, June, 1952, pp. 166, 170, 174, 175, 178, 
182, illus. 3 references. Circuit, capacitance characteristics, 
tube operation, and applications 

Physics of Some Loss Mechanisms in Gas Discharges. S. C. 
Brown. Electrical Engineering, Vol. 71, No. 6, June, 1952, pp. 
501-508, illus. 2 references. Physical phenomena that are 
responsible for the loss of charged particles, with reference to gas- 
discharge tubes. 

Characteristic Shifts in Oxide Cathode Tubes. W. P. Bartley 
and J. E. White. Electrical Engineering, Vol. 71, No. 6, June, 
1952, p. 496, illus. Analytical and experimental data on the 
reasons for the shift with time of the characteristic curves of 
oxide cathode tubes. 

Crystal Diodes in Modern Electronics. VIII. David T. 
Armstrong. Radio & Television News, Vol. 47, No. 6, June, 
1952, pp. 46, 47, 108, illus. 


MEASUREMENTS & TESTING 


Techniques of Measurement in Oscillography. I. P. S 
Christaldi. The Oscillographer, Vol. 13, No. 1, January-March, 
1952, pp. 3-14, illus. A summary of the main factors in selecting 
and devising techniques of oscillographic measurement and in the 
selection of equipment; types of displays desired. 

Millimicrosecond Pulse Techniques. II—A High-Speed 
Oscillograph. N. F. Moody and G. J. R. McLusky. III 
Time Expansion for Millimicrosecond Pulse Intervals. N. F. 
Moody. Electronic Engineering, Vol. 24, No. 292, June, 1952, 
pp. 287-294, illus. 5 references. 

II. Outline of the oscillographic equipment used to view fast 
waveforms; details of specialized circuits. III. Design, cir- 
cuits, operation, and applications of apparatus for expanding 
millimicrosecond pulse intervals on an analog principle. 

Display of Transistor Characteristics on the Cathod:-Ray 
Oscillograph. G. B. B. Chaplin. Journal of Scientific Instru- 
ments, Vol. 29, No. 5, May, 1952, pp. 142-145, illus. 11 refer- 
ences. 

Circuit and operation of an apparatus for rapid testing of 
transistors which displays simultaneously on a cathode-ray tube a 
family of m type transistor characteristics, with an accuracy of 
+10 per cent; modifications necessary for p type transistors. A 
switch provides for the selection of any one of four families of n 
type characteristics. 

Frequency-Deviation Meter Plots Drift. Norris C. Hekimian 
Electronics, Vol. 25, No. 6, June, 1952, pp. 134, 135, illus. 2 refer 
ences. 

Construction and operation of a deviation-meter circuit that 
has two 6BN6 gated-beam tubes in a cascade limiter-discriminator 
bridge arrangement, for measuring small deviations of signal fre 
quency about a mean. 

Power Waveforms in Aircraft. Jele-Tech, Vol. 11, No. 5, 
June, 1952, pp. 61, 124, illus. 

Apparatus and techniques for measuring power wave forms of 
aircraft electric systems that operate the aircraft electronic 
equipment. Analysis of the complex wave form input into an 
aircraft radar system illustrates the method 

A Single-Channel Pulse-Height Discriminator of High Speed 
and Stability. G.T. Wright. Journal! of Scientific Instruments, 
Vol. 29, No. 5, May, 1952, pp. 157-160, illus 

The Design of an Equipment for Measuring Small Radio- 
Frequency Noise Powers. K. E. Machin, M. Ryle, and D. D 
Vonberg. (1.E.E., Radio Section, Paper No. 1263.) Institution 
of Electrical Engineers, Proceedings, Part III, Radio and Com 
munication Engineering, Vol. 99, No. 59, May, 1952, pp. 127-134, 
illus. 5 references 

Development, construction, operation, performance, and 
accuracy of a self-balancing receiving apparatus that can con 
tinuously and automatically record the small r.f. noise powers 
received from the sun and the galaxy 

Mapping Techniques Applied to Fluid Mapper Patterns. 
A.D. Moore. Electrical Engineering, Vol. 71, No. 5, May, 1952, 
p. 446, illus. 4 references. 

Techniques and methods of analysis which use a fluid-mapper 
pattern for mapping a tube that can be easily evaluated since it 
is a series-parallel array of resistors 


NAVIGATION AIDS 


Air Traffic Control System. George Heath. Electronics, Vol 
25, No. 6, June, 1952, pp. 152, 154, illus. 

Construction and operation of the Rho-Theta Transponder, a 
small air-borne radar safety beacon, for the identification on a 
radar screen of aircraft by the airport ground control operator. 
Designed for use with the C.A.A. aircraft traffic control radars 
and blind-landing guidance radars, the beacon amplifies the echo 
signal. 

Flying the Picture. Collins Signal, Vol. 1, No. 4, Winter, 
1952, pp. 6-11, illus. 

Construction and operation of the Collins Flight System that 
consists of the Course Indicator that gives the pilot a map-like 
picture of his aircraft’s position, the Approach Horizon that 
supplies steering and altitude information, a conventional altim- 
eter, and a conventional air-speed indicator. 

New Aircraft Pictorial Computer. Tele-Tech, Vol. 11, No. 5, 
June, 1952, pp. 66, 84, illus. Design and operation of the Arma 
pictorial computer that calculates and displays the aircraft posi- 
tion and bearing in relation to a ground radio station. 

Ferranti Distance Measuring Equipment. Society of Licensed 
Aircraft Engineers, Journal, Vol. 1, No. 4, April, 1952, pp. 3-7, 
illus. Principles of operation, components, and performance of 
the Ferranti D.M.E. equipment; channeling and identification. 

An Improved ILS for Aircraft. Tele-Tech, Vol. 11, No. 4, 
May, 1952, pp. 47, 118, 120, illus. Operation and components of 
a compact U.H.F. localizer and glide-path system (ASV 23) de- 
veloped in France by the Compagnie Générale de Télégraphie 
sans Fils. 


NOISE & INTERFERENCE 


Noise. I, I. Wireless World, Vol. 58, Nos. 5, 6, May, June, 
1952, pp. 199-202; 222-226, illus. 1 reference. An analysis of 
the nature, origin, and methods of measurement of noise due to 
the electronic composition of materials; practical considerations 
of the effects of noise. 


RADAR 


Introduction to Radar Techniques. IV—The Radar Re- 
ceiver. V—The Antenna and Duplexing System. Aerovox 
Research Worker, Vol. 22, Nos. 4, 5, April, May, 1952, pp. 1-3; 
1-3, illus. 

An analysis of the function of the receiving portion of the 
generalized radar set, particularly the microwave components 
such as the crystal mixer and the klystron local oscillator; typical 
radar antennas and their focusing actions; circuits and theory of 
the duplexing system. 

Anticollision Radar for Commercial Flights. Marvin Hobbs 
Electronics, Vol. 25, No. 6, June, 1952, pp. 110-118, illus. 

Construction, operation, and performance of British airborne 
radar equipment developed for all-jet commercial passenger air- 
craft with cruising speeds of 500 m.p.h. which detects thunder 
storms and mountains. A safety-circle technique that employs a 
tilt device for the radar paraboloid gives predetermined range 
warning of approaching high ground. 

On the Possibility of Obtaining Radar Echoes from the Sun 
and Planets. F.J. Kerr. Institute of Radio Engineers, Proceed 
ings, Vol. 40, No. 6, June, 1952, pp. 660-666, illus. 12 references. 


SATURABLE REACTORS 


The Behaviour of a Series-Transductor Magnetic Amplifier 
with Directly-Connected or Rectifier-Fed Loads. A.G. Milnes. 
(1.E.E., Measurements Section, Paper No. 1190.) Institution of 
Electrical Engineers, Proceedings, Part II, Power Engineering, Vol 
99, No. 67, February, 1952, pp. 13-23, illus. 10 references. 

Theoretical and experimental analysis of the behavior of a 
single-phase series-transductor circuit with a low-impedance 
signal source under various directly connected or rectifier-fed 
load conditions 

Improvements Extend Magnetic-Amplifier Applications. Fred 
Benjamin. Electronics, Vol. 25, No. 6, June, 1952, pp. 119-123, 
illus. A summary of recent developments in new materials and 
improved circuits and components for magnetic amplifiers; 
applications. 

Dynamic Hysteresis Loop Measuring Equipment. H. W. 
Lord. Electrical Engineering, Vol. 71, No. 6, June, 1952, pp. 
518-521, illus 
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Circuit and operation of a system used to display the dynamic 
hysteresis loop of the core material of a magnetic amplifier on the 
screen of a cathode-ray oscilloscope; error sources; characteris 


tics of magnetic amplifiers of minimum performance 


TRANSMISSION LINES 


A Microwave Polarization Switch and Universal Horn. Sa: 
ford Hershfield. Tele-Tech, Vol. 11, No. 4, May, 1952, pp. 58 
84, 86, illus. 

Design of a universal polarization device that consists of feed, 
polarization switching, and radiating sections. Switching is 
accomplished by changing the phase velocity in a wave guide 
with a movable wall. 

Microwave Coupling by Large Apertures. Seymour B. Cohn 
Institute of Radio Engineers, Proceedings, Vol. 40, No. 6, June, 
1952, pp. 696-699, illus. 10 references. 

Proposal of a frequency-correction factor for Bethe’s small 
aperture relation for a transverse diaphragm in a wave guide 
experimental verification of the accuracy of this factor 

Operating Klystrons in F-M Microwave Links. Jona Cohn 
Electronics, Vol. 25, No. 6, June, 1952, pp. 124-127, illus 
references. 

Analytic and graphic solutions for evaluating and correcting 
the distortionary effects of long transmission lines and mis 
matched terminations on klystron transmitters. 


WAVE PROPAGATION 


Multiple Scattering of Radiation by an Arbitary Planar Con- 
figuration of Parallel Cylinders and by Two Parallel Cylinders. 
Victor Twersky. Journal of Applied Physics, Vol. 23, No 
April, 1952, pp. 407-414, illus. 4 references. 

Extension of a formal solution for the scattering of a plane way 
by an arbitrary configuration of parallel cylinders to the case 
where all the axes lie in the same plane. The scattered wave i 
expressed as an infinite sum of orders of scattering, the first order 
being the usual single scattering approximaton. 


Reliable VHF Signals up to 1,250 Miles Distance. Electro) 
Vol. 25, No. 6, June, 1952, pp. 102, 103, illus. 4 references 


Results of an experiment in which a new type of E-layer propaga 
tion was discovered which transmits weak but consistent signals 
at 49.8 me. over a 775-mile test path 


Equipment 
ELECTRIC (16) 


Exciter Polarity Reversals in Aircraft Alternators. R. P 
Judkins and H. M. McConnell. 
No. 6, June, 1952, p. 512, illus. 

Analysis of an aircraft alternator and regulator system that 
consists of a synchronous alternator with a built-in exciter, 
carbon-pile voltage-regulator, and feedback stabilizing element 
to determine the design features that contribute to exciter rever 
sals and to suggest design changes to eliminate exciter revert 
bility. 

Environment-Free Alternator. Dwain Fritz. Aero Dig: 
Vol. 64, No. 6, June, 1952, pp. 82, 84, illus. 

Components, assembly, and performance of the G75 water 
vaporization cooled, environment-free alternator, developed by 
Jack & Heintz, Inc., for high-altitude applications 

Braking Devices for 400-Cycle Motors. L. A. Zahorsky 
Electrical Engineering, Vol. 71, No. 6, June, 1952, pp. 506-511 
illus. 

Survey of stopping devices for 400-cycle a.c. motors; factors in 
the proper selection of a stopping device; design and performanc: 
data on a four-pole, 2-in. diameter brake for aircraft uses 

Fault Characteristics of Aircraft Electric Systems. L. R 
Larson. Electrical Engineering, Vol. 71, No. 6, June, 1952 
543-547, illus. 


Electrical Engineering, Vol. 7) 


Pp] 


HYDRAULIC & PNEUMATIC (20) 


Basic Design of Hydraulic Flow Regulators. H.G. Conway 
Vachine Design, Vol. 24, No. 6, June, 1952, pp. 131-135, illu 

High-Pressure Midget. Flight, Vol. 61, No. 2265, Jun 
1952, p. 751, illus 

Construction and performance of a three-stage air-cooled con 
pressor with overall dimensions of 6- by 7- by 8-in. which weig! 


10 lbs. and has an output of 1.4 cu-ft. per min. at 3,000 lbs. per 
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sq. in. when running at its normal speed of 1,500 r.p.m., developed 
by the Hymatic Engineering Co., Ltd., for use in aircraft high 
pressure pneumatic systems 

Power Operated Controls. C. R. Down. Shell Aviation 
News, No. 167, May, 1952, pp. 14-16, illus. 

A brief analysis of power-assisted and fully power-operated fly 
ing controls for high performance aircraft; detailed examination 
of the principal types of hydraulic transmission for use with these 
controls 

Air Does Hairline Job in Turbine Drive. Scott H. Reiniger 
Aviation Week, Vol. 56, No. 25, June 28, 1952, pp. 64, 67, 68, 
illus. 

Construction and operation of the TP 15-2 Air Turbine Drive, 
developed by the Stratos Div., Fairchild Engine and Airplane 
Corp., in which air-operated controls keep the steady state speed 
of the drive within one-fourth of one per cent or less of that speci- 
fied. 


Flight Safety & Rescue (15) 
A Self-Releasing Seat-Belt. 


Flight, Vol. 61, No. 2266, June 
27, 1952, p. 767, illus 


Design and operation of an automatic- 
release device that unfastens a passenger seat belt under an excess 
g-load 


Flight Testing (13) 


The Research Airplane. Walter T. 
18, No. 6, June, 1952, pp. 1-15, illus. 

Review of U.S. projects on exploring the transonic speed range; 
aircraft types and air-borne and ground instrumentation for 
obtaining flight-test data; piloting and flight-test techniques 
with the Bell X-1 and the Douglas D-558-II research aircraft 

Readers’ Forum: End Correction for Flight-Tested Frequency 
Response Obtained by Laplace Transformation. G. M. Andrew 
Journal of the Aeronautical Sciences, Vol. 19, No. 8, August, 1952, 
pp. 569, 570, illus. 3 references. 


Bonney. Pegasus, Vol. 


Fuels & Lubricants (12) 


Control of Lead Fouling in Aero-Engines. A. R. Griffin. 
Shell Aviation News, No. 165, March, 1952, pp. 17-21, illus. 
British aircraft-engine experience with tricresyl phosphate as a 
fuel additive. 

Flame Propagation in Cylindrical Tubes. Philip Levine 
Mechanical Engineering, Vol. 74, No. 6, June, 1952, pp. 483-485, 
illus. 5 references. Equipment, procedure, and results of an 
experimental study of the factors influencing the flame charac- 
teristics of a propane-air fuel mixture in cylindrical tubes 


Gliders (35) 


Prone Flying. Fritz von Hermann. 
1-3, January—March, 1952.) 
6, June, 1952, pp. 5-7, illus 


(Thermik, Vol. 5, Nos 
Sailplane and Glider, Vol. 20, No 
Brief résumé of the development of 
the concept of prone flying and of pilots’ experiences with prone 
flying in German sailplanes 

Bremen-Land Two-Place All-Metal Sailplane, Germany. 
Aviation Week, Vol. 56, No. 24, June 16, 1952, p. 41, illus. Speci- 
fications and performance of the Bremen-Land American-de 
signed, vee-tailed, aluminum alloy sailplane that is in limited 
production by Ernest Nipp and Co. in Germany. 

Spatz Single-Place High-Wing Fabric-Covered Sailplane, 
Germany. Sailplane and Glider, Vol. 20, No. 6, June, 1952, p. 14, 
illus 

SZD-8 Jaskélka Mid-Wing Single-Place and SZD-9 Bocian 
Mid-Wing Two-Place Sailplanes, Poland. Sui/plane and Glider, 
Vol. 20, No. 6, June, 1952, pp. 15, 17. 


Instruments (9) 


Liquid Sensing Device with No Moving Parts. Dell Phillips 
Product Engineering, Vol. 23, No. 6, June, 1952, pp. 134, 135, 
illus 

rheory and design of a liquid-sensing device that is based on the 
principles of optics and employs photovoltaic cells to actuate 
indicator mechanisms; operation of an optical device that detects 
the presence or absence of fuel in an aircraft fuel line 
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Confidence in the dependability of Allison jet engines is again demonstrated 
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by history’s biggest transoceanic jet plane flight. Three squadrons of 
Republic F-84G Thunderjets completed the 10.895-mile movement, across 


ay vast expanses of the Pacific. from Turner Air Force Base, Georgia, to 
iques Tokyo. En route. pilots of the Thirty-First Fighter Escort Wing success- 
fully completed air-to-air refuelings—first ever attempted on a mass flight. 
rai This history-making flight. including 2.400 miles nonstop from California 
1952, to Honolulu, demonstrates the mobility of American air power—and adds 
new laurels to the battle-proved record of the famed Allison J35 engine. 
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The Finest 


ELECTRICAL \ 
CONNECTOR | 


MONEY CAN 
BUY! 


SCINFLEX assuees 
YOU PEAK PROTECTION 
AGAINST CIRCUIT FAILURE 


When operating conditions demand an electrical 
connector that will stand up under the most rugged 
requirements, always choose Bendix Scinflex Elec- 
trical Connectors. The insert material, an exclusive 
Bendix development, is one of our contributions to 
the electrical connector industry. The dielectric 
strength remains well above requirements within 
the temperature range of —67°F to +275°F. It makes 
possible a design increasing resistance to flashover 
and creepage. It withstands maximum conditions 
of current and voltage without breakdown. But 
that is only part of the story. It’s also the reason 
why they are vibration-proof and moisture-proof. 
So, naturally, it pays to specify Bendix Scinflex 
Connectors and get this extra protection. Our sales 
department will be glad to furnish complete infor- 
mation on request. 


Moisture-Proof Radio Quiet Single Piece Inserts Vibration-Proof « 
Light Weight ¢ High Insulation Resistance ¢ High Resistance to Fuels 
and Oils ¢ Fungus Resistant « Easy Assembly and Disassembly « 
Fewer Parts than any other Connector ¢ No additional solder required. 


BENDIX SCINFLEX 


ELECTRICAL CONNECTORS 


SCINTILLA MAGNETO DIVISION of 


SIDNEY, NEW YORK 


AVIATION CORPORATION 

Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N.Y 
FACTORY BRANCH OFFICES: 118 E. Providencia Ave., Burbank, Calif. © Stephenson 
Bidg., 6560 Cass Ave., Detroit 2, Michigan © Brouwer Bidg., 176 W. Wisconsin 
Avenue, WN ilwaukee, Wisconsin © 582 Market Street, San Francisco 4, California 
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Digital Recording and Analysing of Flight Test Data: A Pro- 
posed System. FE. J. Petherick. Gt. Brit., Aeronautucal R: 
search Council, Current Papers No. 75, 1952 (November, 1950). 
10 pp., illus. British Information Services, New 
York. $0.50 

Layout, components, and operation of a small digital recorder 
that can punch 10,000 instrument readings on 100 ft. of cine film, 
each item to three decimal or twelve binary places, and which can 
handle any number of instruments at 10 readings per sec.; details 
of a unit for reading the tape and correcting errors. 

Tape Recording for Telemetry & Data Analysis. I, II. 
Kenneth B. Boothe Tele-Tech, Vol. 11, Nos. 4, 5, May, June, 
1952, pp. 44-46, 116; 56, 57, 90, 92, 94, illus. 

Multitrack tapes for applications in studies of guided missiles, 
aircraft operation, shock and vibration tests, and computers; 
basic design features of the tape-recording apparatus; flutter 
compensation; recorders that meet JAN specifications; preserva 
tion of wave shapes 

A High-Speed Recording Oscillograph. I. S. Blumenthal and 
A.R. Eckels. Electrical Engineering, Vol. 71, No. 5, May, 1952, 
pp. 440-445, illus. 7 references. 

Construction, operation, and performance of the Oscilloscribe, a 
high-speed servomechanism, the basic element of which is a 
D’Arsonval meter movement with no restoring spring. The 
instrument makes ink records on a fast-moving chart of voltages 
with frequency components ranging from d.c. to 200 cycles per 
sec. 

Dynamic Hysteresis Loop Measuring Equipment. H. W 
Lord. Electrical Engineering, Vol. 71, No. 6, June, 1952, pp 
518-521, illus. 

Circuit and operation of a system used to display the dynamic 
hysteresis loop of the core material of a magnetic amplifier on the 
screen of a cathode-ray oscilloscope; sources of error in the sys 
tem and their effects on the display; criteria for maximum allow 
able error; characteristics of magnetic amplifiers of minimum 
performance. 

Cockpit Instrument Panel Standardized. M.G. Beard. SAE 
Journal, Vol. 60, No. 6, June, 1952, pp. 50, 51, illus. Standard 
layouts for cockpit instrument panels, as developed by the SAE 
Cockpit Standardization Cominittee S-7 

A System Utilizing Coarse and Fine Position-Measuring Ele- 
ments Simultaneously in Remote-Position-Control Servo Mech- 
anisms. J.C. West. (J.E.E., Measurements Section, Paper No. 
1185.) Institution of Electrical Engineers, Proceedings, Part II, 
Power Engineering, Vol. 99, No. 68, April, 1952, pp. 135-148, illus 
9 references 


2 references 


Development of a system that can simultaneously use the coarse 
and fine position-measuring elements normally employed in a 
high-precision position-control servomechanism without switch- 
ing from coarse to fine Final accuracy is that of fine measuring 
devices alone 

Nomograms 
Hadekel 
169, illus. 

Operating principles of servomechanisms; development of a 
method of graphic analysis for such mechanisms which uses two 
nomograms, one for determining system amplification from loop 
gain and loop phase angle, the other for determining system phase 
angle from loop gain and loop phase angle. 

A Wide-Range A-C Bridge Test for Magnetic Materials. 
D. C. Dieterly and C. E. Ward. American Society for Testing 
Materials, Bulletin, No. 182, May, 1952, pp. 75-80, illus 
ences 


Simplify Analysis of Servomechanisms. R 
Machine Design, Vol. 24, No. 5, May, 1952, pp. 165 


2 refer- 


Application of a modified Hay resonance bridge circuit to deter 
mining the magnetic properties of core materials in a form suit 
able for estimating design performance; balance equations and 
circuit diagrams of the modified Hay bridge; accuracy. 

Bismuth Thermocouples. Alvin B. Kaufman 
Vol. 25, No. 6, June, 1952, pp. 762, 802, 803, illus. 

Properties of ductile bismuth and bismuth alloy ‘‘B”’ wire; 
application to thermocouples suitable for temperature measure 
ment in the subzero range; thermocouple design and construc 
tion. 

Circular Sweep Chronograph for Single Millisecond Time 
Intervals. Arthur Linz, Jr. Review of Scientific Instruments, 
Vol. 23, No. 5, May, 1952, pp. 199-203, illus. 

Circuits, components, and operation of a chronograph for 
measuring time invervals up to 1,000 usec. with an accuracy of 
+10 muyusec., for use in ballistics research. 


Instruments, 


3 references 
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of a scaling circuit timer driven by a 100 ke. secondary frequency 
standard and an oscilloscope with a 10 usec. circular sweep. 


Machine Elements (14) 
BEARINGS 


American Standard Tolerances for Ball and Roller Bearings. 
V. Tcol Engineer, Vol. 28, No. 6, June, 1952, pp. 65, 66, illus 

Snap ring and groove dimensions; ball and roller dimensions 
and tolerances; hardness measurements; table of tolerances, in 
inches, of airframe bearings; tolerances of thrust ball bearings 

Discussion on ‘‘The Calculated Performance of Dynamically 
Loaded Sleeve Bearings—III.’’ by J. T. Burwell. G. B. Du 
Bois, B. L. Newkirk, F. W. Ocvirk, and E. M. Simons. Author’s 
Reply. Journal of Applied Mechanics, Vol. 19, No. 2, June, 
1952, pp. 239-241, illus. 4 references. 


FASTENINGS 


High Temperature Fastening Problem Solved with Special 
Self-Locking Nuts. Charles F. Faroni. Materials & Methods, 
Vol. 35, No. 6, June, 1952, pp. 109-111, illus. Materials selec 
tion and design features of self-locking fasteners that can with- 
stand vibration at temperatures up to 1,200°F. 

Nitrile Rubber Gaskets Make Better Seals. T. C. Aitchison 
and B. N. Bowers. General Electric Review, Vol. 55, No. 3, May, 
1952, pp. 46-50, illus. 

Characteristics and application of gaskets made of nitrile 
rubber, a synthetic compound; advantages over other gasket 
materials; 16 illustrations of uses of gaskets made of No 
compound and of nitrile rubber. 

Metal Stitching. Machine Design, Vol. 24, No. 5, May, 1952, 
pp. 151-158, illus. 

Equipment and techniques used in metal stitching for joining 
thin-section metals and nonmetals at high production rates; 
applications; comparison with conventional joining methods 
recommended material thicknesses for stitching. 


1000 


GEARS & CAMS 


Noncircular Cams and Gears for Transmitting Motion at a 
Continuously Varying Velocity Ratio. A. E. Lockenvitz, J. B 
Oliphint, W. C. Wilde, and James M. Young. Machine Design, 
Vol. 24, No. 5, May, 1952, pp. 141-145, illus. 


MECHANISMS & LINKAGES 


Radii of Curvature in Slider-Crank Mechanisms. Jesse 
Huckert. Product Engineering, Vol. 23, No. 6, June, 1952, py 
126-133, illus. 

Development of a semigraphic method for determining the 
radii of curvature of the locus of any particle in any link of a 
slider-crank mechanism, including the inversions; charts of angu 
lar magnitudes for mechanisms of several ratios. 

Analyzing Accelerations of Complex Mechanisms. 
Hinkle. Machine Design, Vol. 24, No. 5, May, 1952, pp. 159 
161, illus. 2 references. 

Development of a method of acceleration analysis in which 
conventional polygon methods are applied to mechanisms con 
taining more than one floating link. 

Calculating Speed of Snap-Action Mechansims. P.H. Winter 
Machine Destgn, Vol. 24, No. 5, May, 1952, pp. 162-164, illu 


SPRINGS 


Designing Leaf Springs. George V. Nolde. Machine Pesign 
Vol. 24, No. 6, June, 1952, pp. 125-130, illus. 7 references 
Design factors and computation of the dynamics of a system in 
volving flexible leaf springs for precision timing and indexing 
devices. 

How to Choose Spring Materials. II. M. 


Gerard Fange 


mann. Materials & Methods, Vol. 35, No. 5, May, 1952, pp 
112-116, illus. 

Analysis of the relationship between the cost and performance 
of a spring and the spring material; tables of the mechanical 


physical, and chemical properties of spring materials. 


Maintenance (25) 


Douglas Service, Vol. 10, No 
illus. DC-3S, -4, -6. 


3, May-June, 1952. 
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Inflatable Jet Pod Maintenance Shelter. 
News, No. 165, March, 1952, p. 11, illus. 

Construction of a lightweight inflatable jet pod shelter de- 
veloped by the Goodyear Tire and Rubber Co. for the U.S.A.F. 
to facilitate maintenance of the engines of the B-36 bomber air- 
craft in adverse weather conditions at remote airfields. 

Overhaul Period for Bristol Hercules Extended to 1200 Hours. 
Shell Aviation News, No. 167, May, 1952, p. 17, illus. 

Construction and test methods used on a Bristol Hercules 634 
engine installed in a Vickers-Armstrongs Viking aircraft, the inter- 
overhaul period of which has been extended to 1,200 hours with 
the approval of the Air Registration Board. 


Shell 


Aviation 


Materials (8) 


Stretching Valve Vitality. Warren Walker, Jr. 
tion, Vol. 6, No. 1, 2nd Quarter, 1952, p. 36, illus. 

Facilities and equipment at Eaton Manufacturing Co. for 
measuring the high-temperature strength of materials for engine 
valves, and for selecting substitute (noncritical) materials for 
reciprocating- and jet-engine parts. 

A Wide-Range A-C Bridge Test for Magnetic Materials. 
D. C. Dieterly and C. E. Ward. American Society for Testing 
Materials, Bulletin, No. 182, May, 1952, pp. 75-80, illus. 2 refer- 
ences. 

Application of a modified Hay resonance bridge circuit to deter- 


Instrumenta- 


mining the magnetic properties of core materials in a form suit- 


able for estimating design performance. 


CERAMICS & CERAMALS 


Some Applications of Ferroxcube. W.Six. Philips Technical 
Review, Vol. 13, No. 11, May, 1952, pp. 301-311, illus. 7 refer- 
ences. 
ceramic ferromagnetic materials of high volume resistivity. 

Ceramic Coatings. John V. Long. Machine Design, Vol. 24, 
No. 5, May, 1952, pp. 122-126, illus. 

Advantages of and design techniques for use with ceramic 
coatings for extending the service life of currently used heat- 
resistant alloys and for permitting the sutbstitution of alloys with 
less critical material content; development and test results of 
Solar Aircraft Co.’s Solaramic process and Solar coatings, capable 
of withstanding 1,600°F., for mild-steel jet-engine combustion 
chamber liners. 


Review of the applications of Ferroxcube, a range of | 


New Developments in Porcelain and Ceramic Coatings. | 


Philip O’Keefe. Materials & Methods, Vol. 35, No. 5, May, 
1952, pp. 87-89, illus. Development of one-coat enamels, im- 
proved enamelling stock, and coatings with improved abrasion 
and impact properties; applications. 

Ceramics for Jet Use Put into Production. Aviation Week, 
Vol. 56, No. 23, June 9, 1952, pp. 30, 32, 35, 36, illus. 

Production technique and routine for applying high-tempera 
ture ceramic coatings, developed by the Bettinger Corp., to pro- 
long the life of metals and to permit the use of lower grade metals 
at high temperatures 

The System Beryllia-Alumina-Titania: Phase Relations and 
General Physical Properties of Three-Component Porcelains. 
S. M. Lang, C. L. Fillmore, and L. H. Maxwell. U.S., National 
Bureau of Standards, Journal of Research, Vol. 48, No. 4, April, 
1952, pp. 298-312, illus. 14 references. (Also available as 
Research Paper No. 2316. Superintendent of Documents, 
Washington. $0.10.) 

Migration of Cobalt During Firing of Ground-Coat Enamels on 
Iron. William N. Harrison, Joseph C. Richmond, Joseph W. 
Pitts, and Stanley Benner. U.S., N.A.C.A., Technical Note No 
2695, June, 1952. 28 pp., illus. 15 references. 


CORROSION & PROTECTIVE COATINGS 


Aluminized Coatings. M. G. Whitfield and V. Sheshunoff 
Machine Design, Vol. 24, No. 5, May, 1952, pp. 139, 140, illus 
4 references. The properties and advantages of aluminum coat 
ings and methods of aluminizing cast iron and steel to protect 
against heat and corrosion 

Materials & Methods Manual No. 83: Electroplated Coatings 
on the Light Metals. Philip O'Keefe. Materials & Methods, 
Vol. 35, No. 6, June, 1952, pp. 119-130, illus. Surface prepara 
tion and processes for electroplating aluminum, magnesium, and 
titanium; properties of the electrodeposits; application 
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30 years Leadership in 
Aircraft and 
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Week, Ryan activities today blanket the field of air- 
craft and aeronautical product development 
to pro and production. From the manufacture of 

airframe components and high speed pilotless 

jet planes...to electronic research and devel- 

opment...to executive-liaison airplanes and 

Vational ' jet propulsion research, Ryan is helping to 
strengthen America’s air-arm. 

abDic as 
uments, THESE GIANT WING TANKS for Boeing’s B-47B Stratojet—the 
largest ever put into production—are an example of Ryan 
leadership. Each of these huge tanks, comparable in size to 


@ RYAN FUEL TANKS FOR B-47 


mels on L-17 NAVIONS IN KOREA @& 
the fuselage of the Navion, requires over 30,000 electric spot 
ole 


welds and other advanced production techniques developed 
by Ryan. 


RYAN L-17 MILITARY LIAISON NAVIONS have seen extensive 
. combat service in Korea. They have received high praise for 
shunoff their excellent flying characteristics, efficiency in operating 
40, illus [ ‘es Ti . cal from short, rough fields, and proved ability in light transport 
protec 
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TWIN TUBE 


MODEL 
S-15-A 


We. 16% Ibs. 
12” x 6” x 7” 


A new concept in multiple trace 
oscilloscopy made possible by 
Waterman developed RAYONIC 
rectangular cathode ray tube, pro- 
viding for the first time, optional 
screen characteristics in each 
channel. $-15-A is a portable twin 
tube, high sensitivity oscilloscope, 
with two independent vertical as 
well as horizontal channels. A 
“must” for investigation of elec- 
tronic circuits in industry, school, 
or laboratory. 


Vertical channels: 1Omy rms/inch, with response 
within —2DB from DC to 200kc, with pulse rise 


of 1.8us. Horizontal channels: Iv rms /inch 
within —2DB from DC to 150kc, with pulse rise | 


of 3us. Non-frequency discriminating attenu- 
ators and gain controls, with internal calibra- 
tion of traces. Repetitive or trigger time base, 
with linearization, from Yacps to 50kc, with 
+ sync. or trigger. Mu metal shield. Filter 
graph screen. And a host of other features. 


HTERMAN PRODUCTS INC. | 


"PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKETSCOPE 


i A HIGH GAIN 
$-14-B WIDE BAND POCKETSCOPE 


Also RAKSCOPES, LINEAR 
AMPLIFIERS, RAYONIC® TUBES 
and other equipment 


WATERMAN PRODUCTS 


ENGINE 


dead-on 
view 
eImerca’s Largest 
Selling Impo ated 
Drawing Pencil 


the MARS 
LUMOGRAPH 


The MARS LUMO- 
GRAPH is made by 
Old World master 
craftsmen who've de- 
voted their lives (just 
as you) to precision. 


For dependable serv- 
ice, for marvelous 
new ease, choose 
MARS LUMOGRAPH. 
That's good and sin- 
cere advice. 


lin = 
m 
z 

< 


Sold at Leading Draw- 
ing Material Dealers 
and Blue Printers. 


Free Samples: EXEXB to 


9H. Specify degree 
wanted. 


\ 53-55 Worth Street, New York 13, N. Y 
STAEDTLER SINCE 1662 
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and almost 


as portable! 


WEIGHT: Approx 125 Ibs. 

SIZE: 22” x 12” x 12” 
Designed for production and 
laboratory high frequency 
power supply requirements. 
STRONG—SIMPLE—INDESTRUC- 
TIBLE CONSTRUCTION—No deli- 
cate moving parts, brushes or 
springs to wear out or maintain. 
Replaces single large, hard-to- 
get H-F power supply serving 
multiple purposes... A bank 
of these compact, flexible units 
costs far less, provides individ- 
ual portable power sources for 
each project, avoids downtime 
hazards of single unit! 
Meets power supply require- 
ments for AN-E-19 equipment. 
output: Up to 1000 Watts single 
phase 115V or up to 1800 Watts 
three phase 115/200V. Input: 60 
cycle AC. 


Total harmonic content under 5%; 
+ 1% voltage regulation. 


WRITE FOR DETAILS! 
Larger capacities available. 
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METALS & ALLOYS 


European Research on the Behavior of Metals Yields Promis- 
ing Results. Thomas J. Dolan. Materials & Methods, Vol. 35, 
No. 6, June, 1952, pp. 93-96, illus. Summary of European prog- 
ress in fatigue testing and stress analysis of metals. 

Fatigue of Aircraft Materials with Special Reference to Micro- 
Structure. P. L. Teed. Royal Aeronautical Society, Journal, 
Vol. 56, No. 498, June, 1952, pp. 427-437, illus. 1 reference. 
The mechanism of the fatigue of ductile metals by the imposition 
of cyclic stresses. 

Some Fatigue Tests on Aluminum-Alloy and Mild-Steel Sheet, 
with and Without Drilled Holes. C. E. Phillips and A. J. 
Fenner. Institution of Mechanical Engineers, Proceedings, Vol. 
165, War Emergency Proceedings No. 65, Applied Mechanics, 
1951, pp. 125-129, Discussion, pp. 130-140, illus. 14 references. 

Results of fatigue tests, under pulsating direct stress, of panels 
about 0.1 in. thick and up to 12 in. wide of a 14-gage D.T.D. 
646B aluminum alloy and a 12-gage commercial mild black steel 
sheet, with and without central holes; comparison with results of 
tests on panels of similar shapes but of different sizes. 

Selecting Metals for Low Temperature Service. J. R. Watt. 
Product Engineering, Vol. 23, No. 6, June, 1952, pp. 158-161, 
illus. Factors that affect the behavior of metals at subzero 
temperatures. 

Welding Characteristics of Materials for Aircraft Gas Tur- 
bines. A. J. Rosenberg. Welding Journal, Vol. 31, No. 5, 
May, 1952, pp. 407-418, illus. 

Results of research undertaken by General Electric Co. on the 
welding characteristics of sheet metals for jet engine applications 
which included austenitic stainless steels, Inconel, Haynes Stel- 
lite alloys, low-alloy high-tensile steels (for applications in tem- 
peratures up to 800°F.), and titanium and titanium alloys. 

Influence of Structure on Properties of Sintered Chromium 
Carbide. H. J. Hamjian and W.G.Lidman. U.S., N.A.C.A., 
Technical Note No. 2731, June, 1952. 21 pp.,illus. 3 references. 

Alloy Conservation in Valve Materials. II—Special Heat and 
Corrosion Resisting Alloys. L. J. Danis. Eaton Engineering 
Forum, Vol. 18, No. 3, May, 1952, pp. 1-5. 2 references. 

An analysis of the problems in the reduction of critical alloy 
content in heat- and corrosion-resistant steels used in engine ex- 
haust valves; tables give a type analysis of martensitic, austen- 
itic, and precipitation-hardening valve steels and of valve seat 
facings. 

A Fundamental Study of the Mechanism by Which Hydrogen 
Enters Metals During Chemical and Electrochemical Processing. 
L. D. McGraw, C. A. Snavely, H. L. Moore, P. T. Woodberry, 
and C. L. Faust. U.S., N.A.C.A., Technical Note No. 2696, 
April, 1952. 40 pp., illus. 15 references. 

Theory and experimental data that led toan explanation of the 
mechanism of the process by which hydrogen enters and leaves 
metals. Known methods of controlling the entry and exit of 
hydrogen in steel were correlated with the chemical behavior of 
atomic and molecular hydrogen, as the basis for this explanation. 

Magnetic Properties of Ferrite Materials. Ephraim Gelbard. 
Tele-Tech, Vol. 11, No. 4, May, 1952, pp. 50-52, 82, 84, illus. 
Types of Ferramic materials; tabulation of their magnetic prop- 
erties; applications. 

Precipitation Hardening Stainless Steels Show Advantages 
Over Standard Grades. Gordon T. Bedford. Materials & 
Methods, Vol. 35, No. 5, May, 1952, pp. 99-104, illus. 

Composition and properties of 17-7 PH and 17-4 PH steels; 
techniques of cold- and hot-working, welding, and heat-treating 
that develop strength in these steels equal to that of the carbon 
and low alloy steels at room temperature. 

How to Case Harden Steel by Nitriding. John L. Everhart. 
Materials & Methods, Vol. 35, No. 5, May, 1952, pp. 90-93, illus 
10 references. 

Plastic Deformation; Effect of Chromium Plating on Steel. 
lircraft Production, Vol. 14, No. 164, June, 1952, p. 218, illus. 

Repeated Load Tests on Welded and Prestrained Steels. 
Sadun §. Tor, Jan M. Ruzek, and Robert D. Stout. Welding 
Research, Vol. 31, No. 5, May, 1952, Supplement, pp. 238-s—246-s, 
illus. 

Materials Enginzering File Facts No. 228: Relative Worka- 
bility of Representative Stainless Steels. \uterials & Methods, 
Vol. 35, No. 6, June, 1952, p. 185. Table of the workability fac- 
tors of six austenitic, one martensitic, and two ferritic steels 

The Size Effect in Fatigue of Plain and Notched Steel Speci- 
mens Loaded Under Reversed Direct Stress. C. E. Phillips and 


REVIEWS 


R. B. Heywood. Institution of Mechanical Engineers, Proceed- 
ings, Vol. 165, War Emergency Proceedings No. 65, Applied 
Mechanics, 1951, pp. 113-124, illus. 8 references. 

Equipment, procedure, and results of tests of the fatigue 
strength under reversed direct stress for notched or plain speci- 
mens of a 25-ton mild steel and a 65-ton, 2!/. per cent nickel 
chromium steel. 

The Effect of Quench-Aging on the Notch Sensitivity of Steel. 
J. R. Low, Jr. Welding Research, Vol. 31, No. 5, May, 1952, 
Supplement, pp. 253-s—256-s, illus. 7 references. 

Influence of Nitrogen on the Notch Toughness of Heat- 
Treated 0.3-percent-Carbon Steels at Low Temperatures. Glenn 
W. Geil, Nesbit L. Carwile, and Thomas G. Digges. U.S., 
National Bureau of Standards, Journal of Research, Vol. 48, No. 3, 
March, 1952, pp. 193-199, illus. 38 references. (Also available 
as Research Paper No. 2305. Superintendent of Documents, 
Washington. $0.10.) 

Bismuth Thermocouples. Alvin B. Kaufman. Instruments, 
Vol. 25, No. 6, June, 1952, pp. 762, 802, 803, illus. Properties of 
ductile bismuth and bismuth alloy “B” wire; application to 
thermocouples suitable for temperature measurement in the sub- 
zero range. 

Thermal Expansion of Aluminum and Some Aluminum Alloys. 
Peter Hidnert and H. S. Krider. U.S., National Bureau of 
Standards, Journal of Research, Vol. 48, No. 3, March, 1952, pp. 
209-220, illus. 16 references. (Also available as Research 
Paper No. 2308. Superintendent of Documents, Washington. 
$0.10.) 

Coefficients of expansion obtained during heating and cooling 
of samples of aluminum and of some aluminum alloys for various 
temperature ranges between —/0° and +400°C. Correlations 
are established between the coefficients of expansion and the 
chemical composition of the annealed aluminum alloys. 

The Anodic Oxidation of Aluminium. G. C. Thompson. 
Electronic Engineering, Vol. 24, No. 292, June, 1952, pp. 281-283. 
Theory of anodizing; explanation of and comparison of the 
chromic acid and sulphuric acid anodizing processes. 

New Aluminum-Plating Process. U.S., National Bureau of 
Standards, Technical News Bulletin, Vol. 36, No. 6, June, 1952, pp. 
86, 87, illus. 1 reference. 

Plating techniques and equipment and evaluation of a process 
for electrodepositing aluminum at room temperature which uses 
an organic plating bath consisting of an ether solution of aluminum 
chloride and a metal hydride. 

Strength Properties of Welds in 61S-T6 Aluminum Alloy Sheet. 
Louis Barrett. Product Engineering, Vol. 23, No. 6, June, 1952, 
pp. 148-150, illus. 

Analysis of the tensile strength of butt joints and shear strength 
of lap joints in aluminum alloy sheet as obtained with the inert gas 
welding progess where the filler wire is used for the electrode. 

Good Aluminum Welding Starts with the Engineer. R. M. 
Curran. General Electric Review, Vol. 55, No. 3, May, 1952, pp. 
13-15, illus, 

Engineering design considerations in the selection of aluminum 
alloys for various welding process; tables of melting ranges of 
some common aluminum alloys and for the applicability of weld- 
ing processes for wrought aluminum alloys. 

Aluminium and Magnesium Alloys. G. Meikle. Society of 
Licensed Aircraft Engineers, Journal, Vol. 1, No. 4, April, 1952 
( Technical Instructor, Vol. 7, No. 4), pp. 8-13, Discussion, pp. 13, 
14, 18, illus., tables. 

Effect of Open Circular Holes on Tensile Strength and Elonga- 
tion of Sheet Specimens of a Magnesium Alloy. R. S. Barker. 
U.S., N.A.C.A., Technical Note No. 2716, June, 1952. 24 pp., 
illus. 10 references. 

Forming Tools for Magnesium Alloys. John Starr. Tool 
Engineer, Vol. 28, No. 6, June, 1952, pp. 69, 70, illus. 

Materials & Methods Manual No. 82: Titanium and Its 
Alloys. John L. Everhart. Materials & Methods, Vol. 35, No. 5, 
May, 1952, pp. 118-132, illus. Engineering properties; forming 
and machining characteristics; cleaning and finishing; heat 
treatment; weldability; present and future uses. 

What We Know About Titanium. P. G. DeHuff and W. S. 
Hazelton. Aviation Week, Vol. 56, No. 22, June 2, 1952, pp. 40, 
41, 4446, illus. Factors in the selection of tools, coolants, and 
techniques of forging, joining, and machining in the production of 
titanium components. 
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Titanium. Flight, Vol. 61, No. 2266, June 27, 1952, pp. 768 
770, illus. Properties, applications, advantages, and disadvan 
tages of titanium for aircraft component construction. 

The Cost of Titanium-Alloy Advantages. Aviation Week, Vol 
56, Ne. 26, June 30, 1952, pp. 21, 22, 24-26, 29, 32, illus. Proper 
ties ef titanium and research and production techniques for th« 
application of various titanium alloys to aircraft jet- and piston 
engine components. 


NONMETALLIC MATERIALS 


Effect of Temperatures from —70° to 600°F. on Strength of 
Adhesive-Bonded Lap Shear Specimens of Clad 24S-T3 Alumi- 
num Alloy and of Cotton- and Glass-Fabric Plastic Laminates. 
H. W. Ejickner, W. Z. Olson, and R. F. Blomquist U.S 
N.A.C.A., Technical Note No. 2717, June, 1952. 26 pp., illus 

Evaluation of the performance of 14 commercial adhesives 
used in bonding clad 24S-T3 aluminum alloy to itself, and of 
seven commercial adhesives used in lap joints of cotton-fabric 
phenolic laminate to itself, of glass-fabric-polyester laminate to 
itself, and in joints of each of these laminates to clad aluminum 

New Potting Compound Has Controlled Shrinkage. \/ 
terials & Methods, Vol. 35, No. 6, June, 1952, pp. 117, 118, illus 

General characteristics and properties and applications of 
Polyform, a series of polyester-type compounds developed by 
B. G. Forman Co., New York, for potting, encapsulating, sealing, 
embedding, and impregnating electric and electronic components 

Plastic Aircraft Development. W. F. Bradley. Automoti 
Industries, Vol. 106, No. 11, June 1, 1952, pp. 48, 49, 88, illus 

Techniques developed by the Royal Aircraft Establishment for 
molding and constructing delta-shaped wings from Durestos, a 
plastic sheet material that consists of asbestos fibers bonded by a 
phenol-formaldehyde resin. 

ASTM Definitions of Terms Relating to Methods of Testing. 
American Society for Testing Materials, Bulletin, No. 182, May 
1952, pp. 66-70. Proposed definitions of terms and symbol 
relating to the tension testing of plastics 

Silastic Facts. Dow Corning Corp., Reference No. 10a, May, 
1952. 16 pp., illus., tables 


ING 
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Chemical composition, properties, and limitations of Silastic; 
basic data on the properties and behavior of all types of Silastic 
now commercially available; dielectric behavior; charts and 
tables of the properties of Silastic at high and low extremes of 
temperature; resistance to weather, chemicals, and oil 

Nitrile Rubber Gaskets Make Better Seals. T. C. Aitchison 
and B. N. Bowers. General Electric Review, Vol. 55, No. 3, May 
1952, pp. 46-50, illus. Development and characteristics of 
nitrile rubber, a synthetic compound; application to the manu- 
facture of gaskets. 

Apparatus for the Measurement of the Dynamic Shear Modu- 
lus and Hysteresis of Rubber at Low Frequencies. W. P 
Fletcher and A. N. Gent. Journal of Scientific Instruments, Vol 
29, No. 6, June, 1952, pp. 186-188, illus. 6 references 


SANDWICH MATERIALS 


Stainless-Clad Copper. 
1952, pp. 141, 142, illus 

Thermal properties and test data of a composite sheet material 
composed of a copper core clad with stainless steel, developed by 
American Cladmetals Co. The sandwich material is suitable for 
jet-engine combustion chambers, exhaust headers, afterburner 
vanes, and other high-temperature applications. 

Use of a Low-Density Core Material in Aircraft Structures. 
Raymond J. Moore and John M. Ellison. Aeronatical Engineer- 
ing Review, Vol. 11, No. 9, September, 1952, pp. 52-54, illus. 

Test results, economic, weight, and mechanical advantages, 
and comparison with all-metal structures of airframe components 
fabricated of a Styrofoam (foamed polystyrene) core bonded to 
thin aluminum-sheet skins. 


Machine Design, Vol. 24, No. 6, June, 


Meteorology (30) 


Activities of the Geophysics Research Division, Air Force 
Cambridge Research Center (AFCRC). H. E. Landsberg. 
Weatherwise, Vol. 5, No. 3, June, 1952, pp. 55-58, illus 

A Meteorological Analysis of Reports of Turbulence Encoun- 


tered by Aircraft in Clear Air. Conrad P. Mook. Aeronautical 


DE HAVILLAND USES WHARTON UNIVERSAL JIG & FIXTURE 
SYSTEM FOR COMET ENGINE PRODUCTION .... 


The De Havilland Aircraft Company says “We use this equipment (Wharton Universal Jig & Fix- 
ture System) for the purpose of introducing urgent modifications and to cover delay in the supply 
of our permanent tooling.” 

Praise for the versatility, accuracy and tremendous time saving ability of the Wharton System 

is not uncommon in the leading aircraft plants of the world. It is no wonder. Consider the 

extremely difficult jig problem pictured at the left. This set-up was designed to solve the 

problem of gang milling the outside faces of an aircraft component. This set-up took 2 

hours to construct. 24 elements and a base plate of the 450 basic units of the 

Wharton System were used. When this operation is finished, the jig will be disassembled 
and used in other layouts. 

Used for Experimental, Inspection, Production and as a “‘Fill-Gap"” until permanent 
tools are available, the Wharton System makes present methods of building jigs and 
fixtures OBSOLETE. The Wharton System is now being successfully used by many 

prominent manufacturers of aircraft. 


structure, and accurate (.0003” & square to .0006” per foot). 


Wu ARTON & Wi LCOCKS of America Inc. 17 Battery Place, New York 


WHART ON engineers will 
your most 
A IDI CW LAF fig & fixture 
PROBILIE IMS 


May we have the opporiunity to prove this? 

Present Wharton Engineers with a difficult jig or fixture problem. Ina 
mgtter of a few short hours a jig or fixture will be built on a work bench, 
before your eyes. The built up structure will be as rigid as any welded 
Only then 
will you believe that the Wharton System is the most revolutionary contri- 
bution to tooling up. 
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HEART OF AIRESEARCH PNEUMATIC 
POWER SYSTEM. Two basic versions of 
the gas turbine are now in production: the 
unit shown here, and another which develops 
up to 100 shaft horsepower. 


THE 
WORLD'S 


SMALLEST 


GAS 
TURBINE 


(THE SIZE OF A SUITCASE) 


Provides airborne 
starting and auxiliary 
power for jet and 
turbojet planes 


CHECK 


VALVE 


UNIT 


This vital unit, weighing about 150 pounds, complete 
in a chromium-nickel stainless steel case, produces 
from 50 to 100 compressed air horsepower... 


It supplies the compressed air through ducts to air 
turbine starters and other auxiliary air or gas turbine 
motors...spinning the turbines at high speed. 


These turbines, in turn, power starters and other 
accessories through nickel alloyed steel reduction gears. 


Speed reduction in air turbine starters, for example, 
is from 84,000 to 3,650 r.p.m. To assure maximum gear 
life under such severe operation, nickel-containing 
steels SAE 3310 (AMS 6250) and SAE 9310 are 
specified by the manufacturer... AiResearch Manu- 
facturing Company of Los Angeles...a firm which 
specializes in developing and producing aircraft acces- 
sory equipment. 


AMS 6250, a nickel alloyed steel, long recognized 
as the ultimate in carburizing steels, completely meets 
the demands imposed by heavy loads on mating sur- 
faces of gear teeth. Probably the most dramatic use 
of a nickel alloy is that of Inconel “X”, a 70% nickel- 
chromium “super alloy” adopted after tests for the 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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CABIN AIR 
HEATER 


MOTORIZED SHUT-OFF 


oFF © VALVE 


PNEUMATIC 


Y ALTERNATOR 

DRIVE DE-ICER PNEUMATIC 

HYDRAULIC STARTER 
ACCUMULATOR 


ADVANTAGES OF GAS TURBINE POWER SYSTEM 


1. Permits unlimited number of consecutive starts, dependent 
only on fuel supply carried for main power plants. 

2. Provides independent accessory power source when main 
turbine power plants are inoperative. 


3. Maintains required control features regardless of accessory 
load or main engine speed ...in flight. 


turbine “hot wheel”... which operates at top peripheral 
speeds of 40,000 r.p.m. at temperatures up to 1600°F. 
Applications like these attest to the remarkable com- 
bination of properties available in alloys containing 
nickel. 


At present, most of the nickel produced is being 
diverted to defense. Through application to the appro- 
priate authorities nickel is obtainable for the produc- 
tion of engineering nickel alloys for many end uses in 
defense and defense supporting industries. 
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Engineering Review, Vol. 11, No. 9, September, 1952, pp. 22-27, 
illus. 12 references. 

Flow of Angular Momentum As a Predictor for the Zonal 
Westerlies. Edward N. Lorenz. Journal of Meteorology, Vol 
9, No. 2, April, 1952, pp. 152-157. 10 references. 

A Zonal-Index Tendency Equation and Its Application to Fore- 
casts of the Zonal Index. Yale Mintz and Shih-Kung Kao 
(California, University, Los Angeles, Dept. of Meteorology, Papers 
in Meteorology, No. 14.) Journal of Meteorology, Vol. 9, No. 2, 
April, 1952, pp. 87-92, illus. 3 references. 

Meteorological Measurements with Quartz Crystals. Paul 
Goldsmith and Edward A. Roberts. Electronics, Vol. 25, No. 6, 
June, 1952, pp. 144-147, illus. Methods of utilizing quartz 
crystals and associated electronic circuits to detect and measure 
changes in pressure, temperature, and humidity. 

Wind Recorder for Microclimatology. George West. Ele 
tronics, Vol. 25, No. 6, June, 1952, pp. 136-138, illus 
ences 

Circuits, construction, and operation of a climate survey sys 
tem that consists of a wire-speed transducer, a wind-direction 
transducer, and a translator unit that drives standard recording 
inilliammeters of the spring-activated type. A keep-alive circuit 
modulates the action of the recording pen with a small amplitude 
square wave, thus speeding pen response. 


4 refer- 


Missiles (1) 


Research for Guided Missiles. The Aeroplane, Vol. 82, No 
2134, June 13, 1952, pp. 725-727, illus. 

Development, construction, and operation of the Government 
Aircraft Factory, Australia Jindivik 1 pilotless jet aircraft and of 
its piloted version, the Pika, built to reduce its development time 

Rocket Model Does Work of Windtunnel. George L. Chris- 
tian. Aviation Week, Vol. 56, No. 23, June 9, 1952, pp. 21, 22, 
24, 25, illus. 

Construction, instrumentation, and operation of a rocket 
powered vehicle that carries a scale-model tailless delta-type 
fighter wing and telemetering equipment, and provides accurate 
flight information less expensively than wind-tunnel tests 


Navigation (29) 


New Aircraft Pictorial Computer. TJele-Tech, Vol. 11, No. 5, 
June, 1952, pp. 66, 84, illus. Design and operation of the Arma 
pictorial computer. 


Photography (26) 


Ballistics Photography Uses Mobile Flash. Ernest C. Barkof- 
sky. Electronics, Vol. 25, No. 6, June, 1952, pp. 128-130, illus. 
1 reference. 

Circuits, construction, and operation of mobile flash equipment 
to provide light flashes of usec. duration at repetition rates up to 
3,000 per sec., developed for use in daytime range tests of rockets 
and other supersonic projectiles. 


Power Plants 
JET & TURBINE (5) 


Improving Turbojet Service Life. Warren R. Petersen Le 
Digest, Vol. 64, No. 6, June, 1952, pp. 50, 52, 54, 56-59, iljtus 

Outline of the metallurgical problems, particularly creep, that 
effect the service life of turbojet engines; design and operational 
factors that increase the adverse metallurgical effects; suggested 
solutions for these problems which include instruments for 
registering the total time of engine operation under critical condi 
tions. 

The Supersonic Axial Compressor. J. E. B. Perkins. Shell 
Aviation News, No. 167, May, 1952, pp. 20, 21, illus. Advantages 
of the axial compressor as compared with the centrifugal com 
pressor for supersonic flight. 

School Jet. Aviation Week, Vol. 56, No. 24, June 16, 1952, } 
53, 54, illus. Construction and operation of the Centriflow, a 
172-lb. turbojet engine of 340 Ibs. thrust, developed by student: 
at the Northrop Aeronautical Institute. 

Bristol’s New Proteus. The Aeroplane, Vol. 82, No. 2133, 
June 6, 1952, pp. 685-695, illus., cutaway drawings. 


ro 
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Specifications and performance of the Proteus 705 turboprop 
engine that delivers 3,320 h.p. at the propeller shaft, plus 1,200 
Ibs. jet thrust, a total of 3,780 equivalent h.p. at maximum com 
pressor r.p.m., and has a specific fuel consumption of 0.71 Ib. per 
b.h.p. per hr., developed to power the production version of the 
Bristol Britannia 

Details of DC-3’s Auxiliary Jet. Aviation Week, Vol. 56, No 
22, June 2, 1952, pp. 32, 33, illus. Results of S.C.N.A.S.O. flight 
trials of a Douglas DC-3 fitted with an auxiliary Turboméca 
Palas turbojet of 310 lbs. thrust. 

U.S. Buys French Portable Jet Starter. Aviation Week, Vol 
56, No. 24, June 16, 1952, pp. 78, 80, illus. 

Construction and operation of Aubrélec, a portable ground 
power unit developed in France by Aubrey et Simonin, Société 
Electron, and Ford SAF, for starting jet aircraft engines, which is 
being purchased as a standard jet starter by U.S.A.F. forces in 
Europe. 


RAM-JET & PULSE-JET 


Tests on a Working Model Ram Jet in a Supersonic Wind 
Tunnel. J. R. Singham, F. W. Pruden, and R. C. Tomlinson 
Gt. Brit., Aeronautical Research Council, Reports and Memoranda 
No. 2568, 1951 (November, 1947). 16 pp., illus. 1 
British Information Services, New York. $1.15. 

Mechanical and thermodynamic design details of a small scale 
model of a ram-jet burning hydrogen which was tested in the 
N.P.L. 1-ft. diameter Circular High-Speed Tunnel; experimental 
techniques and results. Detachable diffuser and exit sections per 
mitted tests to be made at inlet speeds of 100 ft. per sec. with 
stagnation-temperature rises to 700, 850, and 1,000°C 
200 ft. per sec. with a temperature rise to 700°C. 


reference 


and at 


RECIPROCATING (6) 


Tests on a (Sulzer 2ZG9) High-Speed Two-Stroke Cycle 
Opposed-Piston Diesel Engine. A. I. Ibrahim Abdelfattan. 
(Zurich, Eidgenéssische Technische Hochschule, Dissertation No. 
2053. 31 pp.) Engineers’ Digest, Vol. 13, No. 5, May, 1952, p. 
144. 2 references. 

Control of Lead Foulingin Aero-Engines. A.R.Griffin. Shell 
Aviation News, No. 165, March, 1952, pp. 17-21, illus. Results 
of spark-plug fouling tests on single-cylinder and main engines of 
British aircraft using tricresyl phosphate as a fuel additive 

Overhaul Period for Bristol Hercules Extended to 1200 Hours. 
Shell Aviation News, No. 167, May, 1952, p. 17, illus 

Construction and test methods used ona Bristol Hercules 634 
engine installed in a Vickers-Armstrongs Viking aircraft, the inter- 
overhaul period of which has been extended to 1,200 hours with 
the approval of the Air Registration Board. 

The Effects of Atmospheric Humidity and Temperature on 
Engine Power and Take-Off Performance of a (Handley Page) 
Hastings 1. G. Jackson. Gt. Brit., Aeronautical Research Coun- 
cil, Current Papers No. 77, 1952 (February 9, 1950). 34 pp., illus., 
folding charts. 10 references. British Information Services, 
New York. $1.40. 

Flight tests to determine the effects of changes in humidity and 
air temperature on engine power, fuel, and take-off performance; 
engine specifications and limitations. 


ROCKET (4) 


Design of Apparatus for Determining Heat Transfer and Fric- 
tional Pressure Drop of Nitric Acid Flowing Through a Heated 
Tube. Bruce A. Reese and Robert W.Graham. U.S., N.A.C.A., 
Research Memorandum No. 52D03, June 16, 1952. 61 pp., illus. 
18 references 

Design basis of test apparatus for obtaining the heat-transfer 
and pressure-drop characteristics of white fuming nitric acid 
flowing in a heated tube, assuming that the heat flux to the tube 
will be of the order of magnitude occurring in a regeneratively 
cooled rocket engine. 


Production (36) 


Canadair: Ambitious Aviation Youngster. Irving Stone 
Aviation Week, Vol. 56, No. 24, June 16, 1952, pp. 24, 27, 28, 30, 
32, 34, 36, 37, illus 

Development and facilities of Canadair, Ltd.; aircraft pro- 
duced under contract or license; plans for the CL-21 


32-place 
feederline transport aircraft to replace the DC-3 
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Speed up your data analysis 


These Telecomputing Instruments measure, record, plot at automatic speeds: 


Today you can reduce and analyze film and oscillograph 
data faster than ever before. Telecomputing Instru- 
ments, in conjunction with electronic computing equip- 
ment, have made this possible. 


The following sequence of automatic data analysis is 
typical: 


 @ The Universal Telereader measures 
yy? records ranging from 16 and 35 mm film to 12” 
oscillograph records. Speed: up to 50 measure- 

ments per minute. 


@ The Telecordex records the Telereader 
measurements in decimal form electronically on 
its own electric typewriter, transmits the data to 
an IBM Summary Punch for card punching. 


The IBM card punch receives the data from the 
Telecordex, punches it and continues the cycle. 


All necessary calculations, including linear and 
non-linear calibrations, are performed on IRM or 
other electronic computers. 


i The Teleplotter plots the data electroni- 
cally from IBM cards or a manual keyboard. Speed: 
up to 70 points per minute. 


Technical bulletins on the Universal Telereader, 
Telecordex and Teleplotter will be mailed you upon 
your request. Coupon below is for your convenience. 


- Mr. Preston W. Simms, Engineering, Dept. AER-10 
1 Telecomputing Corporation, Burbank, California 
| Dear Sir: Please send me: 

| ( Universal Telereader Technical Bulletin TC 101 
| (i Telecordex Technical Bulletin TC 102 

| (CD Teleplotter Technical Bulletin TC 103 

| 

| 

| 

| 


TELECOMPUTING 


Corporation 


Burbank, California 


Company 
oer 


Street Address 


Electronic and mechanical engineers can build their 


@ 
4 


| 
Fy 
\ 
a 
} 
as 
" 
» ef % 


116 AERONAUTICAL ENGINEERING REVIEW 


Blades by Upsetting. Flight, Vol. 61, No. 2263, June 6, 1952, 
p. 686, illus. 

Construction and operation of a series of upsetting machines 
developed by Omes, Ltd. of Barnes, London, which employ ele: 
tric-resistance heating to produce a controlled upset at any point 
on bar stock; electroforging and upsetting techniques used wit! 
these machines to produce turbine rotor and stator turbine 
axial compressor blades with any type of root end or shrouding i 
any standard blade material. 

Forged Skin-Panels. I-—Design Consideration; Forging 
Principles; Die Design. Autrcraft Production, Vol. 14, No. 164, 
June, 1952, pp. 191-197, illus. Development of techniques for 
the production of integrally-stiffened aircraft units. 

Precision Forging of Turbine Vanes, Blades, and Buckets. 
Joseph Geschelin. Automotive Industries, Vol. 106, No. 12, June 
15, 1952, pp. 34, 35, 87, 88, illus. 

Machines and equipment used at the Packard Motor Car Co 
fer the precision forging of vanes, blades, and buckets for air 
craft gas-turbine power plants; steps in the forging operation 

Circular Stretching. Aircraft Production. Vol. 14, No. 164, 
June, 1952, pp. 198, 199, illus. Expanding segmental-die for siz 
ing gas-turbine stiffener-rings. 

Redesign for Fabrication. Machine Design, Vol. 24, No. 6, 
June, 1952, pp. 167, 224, illus. A new manufacturing method for 
stator blades of jet engines involves fabrication of the complet 
blade, rather than the conventional techniques of forging the 
blades. 

Contour Milling Aircraft Skins from Rolled Aluminum Stock. 
Jesse Daugherty. Tool Engineer, Vol. 28, No. 6, June, 1952, py 
47-50, illus. Machines for milling aircraft skins, including in 
tegrally-stiffened parts; milling procedures. 

Duplicating Jet Engine and Compressor Blades. Tool E) 
neer, Vol. 28, No. 6, June, 1952, pp. 50, 51, illus. 

Components and operation of an automatic abrasive belt 
grinder developed by Pratt & Whitney Aircraft Div. and thx 
Minnesota Mining and Manufacturing Co. for producing com 
pressor and turbine blades. The machine operates on the dupli 
cating principle and uses high-speed abrasive belts for precision 
stock removal. 

Precision Grinding of Cylindrical Parts. A. E. Mandeville and 
J. Meehan. Tool Engineer, Vol. 28, No. 6, June, 1952, pp. 37 
39, 56, illus. Machine and tooling requirements for precision 
grinding; problems in alignment and taper control; steps in the 
grinding operation. 

Survey of Modern Theory on Welding and Weldability. II. 
D. Séférian. Sheet Metal Industries, Vol. 29, No. 302, June, 195 
pp. 529-532, 540, illus. 5 references. 

Welding Characteristics of Materials for Aircraft Gas Tur- 
bines. A.J. Rosenberg. Welding Journal, Vol. 31, No. 5, May, 
1952, pp. 407-413, illus. 

Results of research undertaken by General Electric Co. on the 
welding characteristics of sheet metals for jet-engine applications 
and on the welding techniques to be used with such metals 

Good Aluminum Welding Starts with the Engineer. R. M 
Curran. General Electric Review, Vol. 55, No. 3, May, 1952, pp 
13-15, illus. 

Engineering design considerations in the selection of aluminum 
alloys for various welding processes; tables of melting ranges of 
some common aluminum alloys and for the applicability of weld 
ing processes for wrought aluminum alloys. 

On the Relation Between Characteristics of A. C. Welders and 
Stability of Welding Arc. Kohei Ando. Japan Science Review, 
Vol. 2, No. 1, April, 1951, pp. 59-62, illus. 1 reference ‘ 

Vampire Canopy: The Construction of the de Havilland Night- 
Fighter Cockpit Enclosure. I—Castings. Aircraft Production, 
Vol. 14, No. 164, June, 1952, pp. 186-190, illus. 

Plastic Aircraft Development. W. F. Bradley. A ulomotive 
Industries, Vol. 106, No. 11, June 1, 1952, pp. 48, 49, 88, illus 
Techniques developed by the Royal Aircraft Establishment for 
molding and constructing delta-shaped wings from Durestos, 
plastic sheet material. 

Investment in ‘‘Know-How.’’ John Van Hamersveld and 
D. C. Beery. Machine Design, Vol. 24, No. 6, June, 1952, pp 
114-119, illus. Purposes, planning, and presentation of a shop 
familiarization course for engineers and designers at Northrop 
Aircraft, Inc. 

Simplified Nomograph Construction. John Baude. Machine 
Design, Vol. 24, No. 5, May, 1952, pp. 155-158, illus. 
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A method for the graphical transformation of curve families 
into three-scale nomographs for the prediction of design factors 
and cutting development costs; application to the solution of 
spring problems 

An Analysis of Cost Estimating Principles and Practices. II. 
Lawrence E. Doyle. Tool Engineer, Vol. 28, No. 6, June, 1952, 
pp. 43-46, illus 

The Cost of Titanium-Alloy Advantages. Aviation Week, Vol 
56, No. 26, June 30, 1952, pp. 21, 22, 24-26, 29, 32, illus. Proper 
ties of titanium and research and production techniques for the 
application of various titanium alloys to aircraft jet- and piston- 
engine components 

Aircraft Quality Control. Phil I. Harr. Aero Digest, Vol. 64, 
No. 6, June, 1952, pp. 86, 87, 89-92. Inspection practices and 
techniques used by the Quality Control department of the Fair 
child Aircraft Div. on the C-119 Packet transport. 

New Type Hydraulic Press for Forming Aircraft Parts. A uto- 
motive Industries, Vol. 106, No. 11, June 1, 1952, pp. 56, 128, 
illus. Construction and advantages of the Wheelon direct hy 
draulic press for forming sheet-metal parts, in operation at 
Douglas Aircraft Co., Inc. 

Forming Tools for Magnesium Alloys. John Starr Tool 
Engineer, Vol. 28, No. 6, June, 1952, pp. 69, 70, illus. 

Toothless Blade Has Quite a Bite. Aviation Week, Vol. 56, 
No. 25, June 23, 1952, p. 43, illus. Applications and advantages 
of toothless blades for handsaws which are made of ordinary metal 
box strapping, as developed by Solar Aircraft Co. for cutting 
stainless steel. 


Propellers (11) 


Strain Gauge Flutter Tests on a 4-Blade Propeller with Dura- 
lumin Blades. J. Kettlewell and H. G. Ewing. Gt. Brit., Aero- 
nautical Research Council, Reports and Memoranda No. 2471, 
1952 (May, 1946). 4 pp., illus. British Information Services, 
New York. $0.35. Procedure and results of tests to measure 
the vibratory stresses on a four-bladed duralumin propeller of 13 
ft. 3 in. diameter, at three blade settings in the stalling region 

24-Ft. Wind-Tunnel Tests on a ‘‘Paddle-Blade’’ Propeller. 
A. B. Haines. Gt. Brit., Aeronautical Research Council, Reports 
and Memoranda No. 2493, 1952 (November, 1946). 15 pp., illus 
ll references. British Information Services, New York. $1.00 

Results of tests made in the R.A.E. 24-ft. tunnel on a two 
bladed 12-ft. diameter de Havilland paddle-blade propeller of 
Clark Y section and a thickness/chord ratio of 7 per cent at 0.7 
radius. Results were analyzed by both single-radius and strip- 
theory methods 

On a Coupled Vibration of Propeller Blades and Crank Shaft. 
Toshie Takahashi and Atsubumi Okura. Japan Science Review, 
Vol. 2, No. 1, April, 1951, pp. 1-10, illus. 1 reference 

The free-vibration analysis of J. Meyers is repeated applying 
different boundary conditions for coupled vibrations of propeller 
blades and crankshaft. An idealized system is employed for the 
case where the blade is bending and the shaft is in torsion 


Reference Works (47) 


N.P.L. Aerofoil Catalogue and Bibliography. R.C. Pankhurst. 
Gt. Brit., Aeronautical Research Council, Current Papers No. 81, 
1952 (July 14,1951). 20 pp. 6references. British Information 
Services, New York, $1.15. 

A catalog of airfoils that have been designed (or substantially 
modified) at the National Physical Laboratory and which have 
been the subject of theoretical investigations, aircraft design 
studies, or wind-tunnel tests, excluding wing sections designed 
specifically for aircraft companies; each airfoil is assigned an 
N.P.L. reference number. The bibliography gives 121 references 
on these airfoils, listed in series order of A.R.C. report numbers, 
gives the authors, R. & M. or Current Paper Series numbers (if 
published in either series), the title, and date of publication 
J) Published Reports and Memoranda of the Aeronautical Re- 
search Council. Gt. Brit., Aeronautical Research Council, Reports 
and Memoranda No. 2350, 1952 (July, 1951). Spp. British In- 
formation Services, New York. $0.50. Council numbers, titles, 
and authors of Reports and Memoranda Nos. 2251-2350, arranged 
in numerical order according to R & M number. 

A Bibliographical Survey of German and Japanese Experience 
in the Extraction of Low-Grade Non-Ferrous Ores and the Re- 
covery of Non-Ferrous Metals and Compounds. Gi. Brit., Dept. 
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and a Highly Sensitive 


Distortion Analyzer 


Voltmeter 


the type 1932-A Distortion and 


Noise Meter $595.00 


Here is a highly accurate, easily operated instrument widely used for the 
measurement of audio fidelity, distortion and noise. This instrument is very 
valuable for production-checking and adjusting attenuators, audio amplifiers, 
audio oscillators and radio receivers, and checking envelope distortion of oscil- 
lators up to 900 Mc. Among Its Many Uses Are: 


%* Complete, continuous and accurate wave analysis of fundamentals 
from 50 to 15,000 cycles; with harmonic range up to 45,000 cycles when 
used with an oscilloscope — invaluable for checking hum, noise and 
distortion 


Rapid selection of frequency — only one main tuning control and 
push buttons used 


Indication of frequency with accuracy of better than 3%, making it 
a reliable frequency meter 


Direct audio voltage measurements of 600-ohm systems over a range 
of +20 to —40 dbm 


Highly sensitive voltage measurements from 1 mv to 100 volts, if 
calibrated first 


Detection of noise levels down to 200 uv — inherent noise of instrument 
considerably less 


Visual observation of distortion components with an oscilloscope; the 
distortion components at the output jack and the input to the analyzer 
are applied to the horizontal and vertical plates of a scope. The resulting 
lissajous figures give visual indication of the prevalent distortion 
harmonics. Simply by tuning through the frequency spectrum, a con- 
tinuous visual indication of distortion present is obtained. 

The accuracy, rapidity and ease with which a wide variety of measure- 
ments can be made has ideally adapted this instrument to the production check- 
ing of radio receivers, electronic instruments and components, as well as for 


+ + + + + 


Noise Indicator Frequency Meter 
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\ 
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Abridged Specifications 


Distortion Range: Push buttons select full- 
scale meter deflections of .3, 1, 3, 10 or 
30 per cent distortion 


Noise Range: Noise measurements made to 
80 db below reference calibration level 


Audio-Frequency Range: 50 to 15,000 cycles 
for fundamental in distortion measure- 
ments; 30 to 45,000 cycles for noise 
and hum measurements 


Required Input Voltage: between 1.2 and 30 
volts for 100,000-ohm input; between 
0.8 and 30 volts for 600-ohm input 


Residual Distortion Level: 100,000-ohm in- 
put — .05% (maximum distortion) be- 
low 7,500 cycles; 0.10% above 7,500 


Residual Noise Level: Less than 80 db 


Accuracy: Essentially +5% of full scale 
for distortion, noise and dbm meas- 
urements 


everyday measurements in the communications laboratory. 


275 Massachusetts Avenue, 
920 S. Michigan Ave. CH 


90 West CAGO 5 1000 N. Seward St 


GENERAL RADIO Company 


Cambridge 39, Massachusetts, 


U.S.A. 


LOS ANGELES 38 
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of Scientific and Industrial Research, Technical Information and 
Documents Unit, Report No. RMS-3, 1952. 100 pp 
formation Services, New York. $0.90. 

A bibliography of 545 references, giving report number, title, 
author, publication date, and a brief abstract of each report, listed 
under the following headings: mining, ore dressing, and sta 
tistics; smelting, refining, and recovery of base metals, produc- 
tion and recovery of light metals; production and recovery of 
titanium, manganese, and metals of the 5th and 6th groups; 
production and recovery of precious and rare earth metals; and 
production and recovery of selenium. The appendixes cover 
documents Unit on nonferrous ore sources, including U.S. reports 
on the extraction and recovery of nonferrous metals. 

Wings of Defense. Canadian Aviation, Vol. 25, No. 6, June, 
1952, pp. 39-65, 85-132, illus. 

Organization of the R.C.A.F.; key personnel and their com 
mands; training program status and goals; photographs and 
specifications of aircraft now in use or on order by the R.C.A.F.« 
naval aircraft and activities; R.C.A.F. strength 


British In 


Rotating Wing Aircraft (34) 


Initial Results of Instrument-Flying Trials Conducted in a 
Single-Rotor Helicopter. Almer D. Crim, John P. Reeder, and 
James B. Whitten. U.S., N.A.C.A., Technical Note No. 2721 
June, 1952. 16 pp.,illus. 3 references. 

Results of a flight investigation conducted to determine 
whether the flying-quality requirements for helicopters are ade- 
quate for instrument flight and what, if any, unusual problems 
exist. The adequacy of using standard aircraft instruments for 
helicopters was also studied. 

Normal Accelerations and Operating Conditions Encountered 
by a Helicopter in Air-Mail Operations. Almer D. Crim and 
Marlin E. Hazen. U.S., N.A.C.A., Technical Note No. 2714, 
June, 1952. 17 pp., illus. 1 reference. Analysis of the norma! 
accelerations and operating loads encountered by a single-rotor 
helicopter in air-mail operations for Los Angeles Airways, Inc 

Galeao PB 61 Coaxial-Rotor Helicopter, Brazil. Paul Baum- 
gartl. American Helicopter, Vol. 26, No. 6, May, 1952, pp. 6, 7, 
14, illus. 

Piasecki YH-21 Work Horse Twin-Rotor Helicopter. Au/o 
motive Industries, Vol. 106, No. 11, June 1, 1952, p. 74 

Saunders-Roe Skeeter Two-Place Light Helicopter, England. 
M. J. Brennan. New Slipway, Vol. 3, No. 2, May, 1952, pp. 10, 
11, illus. 

S.N.C.A.S.O. SO. 1120 Ariel III Turbojet Helicopter, France. 
American Helicopter, Vol. 26, No. 5, April, 1952, pp. 10-14, 
illus. 

Specifications, flight characteristics, and operation of the Arie! 
III that incorporates a thermodriven rotor. The power plant, in 
stalled in the fuselage, consists of a turbine-driven compressor 
that feeds combustion chambers mounted at the tips of the three 
rotor blades 

The Giant Helicopter. II. O. L. L. Fitzwilliams. (J//elicopter 
Association of Great Britain, Journal, Vol. 5, No. 4, January 
March, 1952, pp. 391-411, Discussion, pp. 412-424, illu 4 
references.) American Helicopter, Vol. 26, No. 6, May, 195! 
pp. 8-12, 14, illus. 

Helicopters for Local Service. Hans Weichsel, Jr. Flighi 
Magazine, Vol. 37, No. 6, June, 1952, pp. 26, 27, 46, illus. Outlin« 
of the design factors and helicopter selection considerations f« 
planning local-service helicopter operations. 

Problems of Short-Haul Air Transport. Peter W. Brooks 
Royal Aeronautical Society, Journal, Vol. 56, No. 498, June, 19 
pp. 441-460, illus. 6 references 

Present and future British helicopter applications are ar 
in the context of the world’s transport operations and t 
ticular problems of short-haul operations 

The Application of Jet Propulsion to Helicopters. R. \ 
Falconer. Aeronautical Engineering Review, Vol. 11, No. 9 
September, 1952, pp. 46-51, illus. 

Review of the outstanding features and specific applicat 
jet-propulsion systems for helicopters, considering the appli 
bility of ram-jet, pulse-jet, turbojet, and pressure-jet syst 
comparison of the performance of reciprocating and jet-pow 
helicopters 

Helicopter Power Plant Analysis. Gas Turbines Versus Re- 
ciprocating Engines. Joseph Stuart, III. Special Air Force Heli- 
copter Projects. Wayne W. Eggert. Helicopters for the Short 


ions ol 


RING 


REVIEW OCTOBER, 1952 


Haul. J. E. Rothman. Automotive Industries, Vol. 106, No. 12 
June 15, 1952, pp. 36, 37, 116, 118, 122, 125, 126, illus. (Ex- 
cerpts from three papers presented before the American Heli 
copter Society, Annual Forum, 8, Washington, May 15-18, 
1952) 

N.A.C.A. Studies Tandem-Rotor Helicopters. 
News, No. 167, May, 1952, pp. 18, 19, illus. 

Methods of testing for stability and control and handling quali 
ties of a Piasecki HRP-1 twin-rotor helicopter used in a research 
program undertaken to assist in establishing handling quality 
standards appropriate for such machines and to obtain design 
criteria 


Shell Aviation 


Sciences, General (33) 
MATHEMATICS 


A Graphical Analysis for Non-Linear Systems. Pei-Su Hsia. 
(I.E.E., Measurements Section, Paper No. 1168.) Institution of 
Electrical Engineers, Proceedings, Part II, Power Engineering, 
Vol. 99, No. 68, April, 1952, pp. 125-131, Discussion, pp. 132-134, 
illus. 14 references 

Development of a graphic analysis for the solution of second- 
order differential equations for systems with nonlinear damping 
and restoring forces and with arbitrary drives; construction for 
the general type of differential equation. 

A Method of Summing Infinite Series. Samuel Lubkin. 
U.S., National Bureau of Standards, Journal of Research, Vol. 48, 
No. 3, March, 1952, pp. 228-254, illus. 3 references. (Also 
available as Research Paper No. 2310. Superintendent of Docu- 
ments, Washington. $0.20.) 

On the Truncation Error in the Solution of Laplace’s Equation 
by Finite Differences. Wolfgang Wasow. U.S., National Bureau 
of Standards, Journal of Research, Vol. 48, No. 4, April, 1952, pp. 
345-348. 7 references. (Also available as Research Paper No. 
2321. Superintendent of Documents, Washington. $0.05.) 
Separability Conditions for the Laplace and Helmholtz Equa- 
tions. Parry Moon and Domina Eberle Spencer. Franklin In- 
stitute, Journal, Vol. 253, No. 6, June, 1952, pp. 585-600. 8 ref- 
erences 

Simplified Nomograph Construction. John Baude. 
Design, Vol. 24, No. 5, May, 1952, pp. 155-158, illus 

A method for the graphic transformation of curve families into 
three scale nomographs for the prediction of design factors and 


cutting development costs; application to the solution of spring 
problems 


Machine 


Structures (7) 


More Thoughts on Fatigue. P. Litherland Teed. The Aer 
plane, Vol. 82, No. 2136, June 27, 1952, pp. 787-790, illus. 18 ref 
erences. Techniques of increasing the fatigue life of aircraft com 
ponents by improving their surface finish and by developing bene 
ficial residual stresses 

Lateral Vibrations As Related to Structural Stability. Harold 
Lurie. Journal of Applied Mechanics, Vol. 19, No. 2, June, 1952, 
pp. 195-204, illus. 14 references. 

The Computation of Flexural-Torsional Buckling Loads. H. |! 
Michielsen. Journal of Applied Mechanics, Vol. 19, No. 2, June, 
1952, pp. 214-219, illus. 6 references 

Indeterminate Frame Analysis by the Method of Equivalents. 
M.R. Saha. Institution of Engineers (India), Journal, Vol. 32, 
No. 3, March, 1952, pp. 67-92, illus. 5references. Reprint 

Application of the method of equivalents to the analysis of in 
determinate frames, with members of uniform cross sections, fully 
restrained against lateral sway; 
method of equivalents 

A Summary of Diagonal Tension. I 
Il —Experimental Evidence. 


review of the theory of the 


Methods of Analysis. 
Paul Kuhn, James P. Petersen, and 
L. Ross Levin. U.S., N.A.C.A., Technical Note Nos. 2661, 2662, 
May, 1952 ; 8l pp., illus. 54 references 

I. Theory and methods of calculating the stresses 


131 pp 
ind shear 
deflections of plane- and curved-web systems, and the strengths 
of the web, stiffeners, and riveting. II. Experimental data, 
based on strain measurements of beams made by the N.A.C.A 
and five aircraft companies 

Torsional Vibration Modes of Tapered Bars. H. F 
Journal of Applied Mechanics, Vol. 19, No. 2, 


22()-222, illus 


Fettis 
June, 1952, pp 
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This? This? | 


Three years in the making, the fabricated jet engine 
compressor stator blade (left) promises to save the 
armed forces not just one million, but millions of dollars 
annually in jet engine costs, compared with the forged 
blade (right). This new G-E development will cut 
manufacturing cost in half and save over a third in 
critical materials. Military approval has been received 
for the use of fabricated blades in the General Electric 
J47-GE-23 which powers the Boeing B-47 Stratojet 
bomber. And G.E., through the United States Air 
Force, is sharing the process with other turbojet manu- 
facturers. 


The blades are rolled in long strips, contoured to the 
proper air foil, and cut to desired length. Each blade is 
then welded into a separate base which fills the same 


fou CA? confi __ 


GENERAL @@ ELECTRIC 


area as the ‘‘blade ring’’ used with forged blades. Thus 
the ring and an expensive manufacturing and assembly 
process have been eliminated. 


Endurance tests on two engines equipped with the 
fabricated blades proved them just as efficient as forged 
blades. The base provides greater resistance to vibra- 
tion due to uneven airflow through the compressor. 
Damage caused by foreign objects entering the com- 
pressor is minimized because the new blade is fastened 
much more strongly to the casing. 

A product of G-E research at the Thomson Laboratory 
in Lynn, Mass., this new method of manufacturing 
stator blades is another of the many ways in which 
G.E.’s constant pioneering contributes to the advance- 
ment of aviation. General Electric, Schenectady 5, N.Y. 
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Development of a solution for the differential equation that 
governs the torsional vibration modes of a cantilever shaft or bar, 
when these modes are simple harmonic functions of time 

Buckling of Continuous Beams on Elastic Supports. Edward 
Saibel. Franklin Institute, Journal, Vol. 253, No. 6, June, 1952 
pp. 563-566, illus. 4 references. 

Development of an exact solution in closed form for the buck 
ling of a continuous beam simply supported on its ends an 
equally spaced elastic supports of equal stiffness, for the case 
where they behave as rigid supports. 

Readers’ Forum: Lateral Buckling of Beams in Bending and 
Compression. F. DiMaggio, A. Gomza, W. E. Thomas, and M 
G. Salvadori. Journal of theAeronautical Sciences, Vol. 19, No.8, 
August, 1952, pp. 574-576. 8 references. 

Analysis of the lateral buckling of an I beam under normal 
loads and longitudinal thrusts, considering three cases that have 
linear bending-moment diagrams: a simply supported I beam 
under unequal end moments, simply supported, rectangular 
cross-section beams under unequal end moments and thrusts, and 
cantilever beams of rectangular cross section under thrust and 
shear. 

Readers’ Forum: Lateral Buckling of Nonuniform Beams. 
Bruno A. Boley and Vincent P. Zimnoch. Journal of the A 
nautical Sciences, Vol. 19, No. 8, August, 1952, pp. 567, 568, illus 
8 references. 

Analysis of Elastic Two and Three -Section Short Columns. C 
M. Tyler, Jr.,and F. Z. Lee. Journal of Applied Mechanics, Vol 
19, No. 2, June, 1952, pp. 223-226, illus. 9 references. Develoy 
ment of analytical formulas in terms of the equivalent eccen 
tricity of loading for two- and three-section short columns 

Load Distribution in Riveted and Spot-Welded Joints. D 
Williams. (International Congress of Applied Mechani 
London, September, 1948.) Institution of Mechanical Engine 
Proceedings, Vol. 165, War Emergency Proceedings No. 66, A pplied 
Mechanics, 1951, pp. 141-147, Discussion, pp. 157-164, illus. 8 
references. 

Theoretical analysis, based on experimentally obtained shear 
deflection curves for riveted and spot-welded joints of the load dis 
tribution for the two types of fastenings, at low loads, loads above 
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the yield point, and of the structure load at which the yield point 
is reached and of the load at which failure occurs 

The Diffusion of Transverse Loads in a Reinforced Circular 
Cylinder with Non-Rigid Frames. S. R. Lewis. Gt. Brit., Aer 
nautical Research Council, Current Papers No. 74, 1952 (February, 
1950). 22 pp.,illus., folding chart. lreference. British Informa 
tion Services, New York. $1.00. Analysis of the shear distribu 
tion around a nonrigid frame of a reinforced circular cylinder with 
the loaded frame at a distance away from the cylinder ends 

Partially Plastic Thick-Walled Cylinder Theory. MM. C. Steek 
Journal of Applied Mechanics, Vol. 19, No. 2, June, 1952, pp. 133 
140, illus. 18 references. 

Review of mathematical partially plastic thick-walled-cylinder 
theories; development of a simplified design theory in closed 
form, based on an extension of Tresca’s theory to cover strain 
hardening, incompressibility, and Hencky stress-strain rela 
tions. 

Discussion on ‘‘On the Inextensional Theory of Deformation of 
a Right Circular Cylindrical Shell’? by R. M. Hermes. N. J 
Hoff and F. K. G. Odqvist. Author’s Reply. Journa A pplied 
Mechanics, Vol. 19, No. 2, June, 1952, p. 231. 5references 

Stress Charts for Pressurized Elliptical and Oblong Tubes. J 
C. Weydert. Product Engineering, Vol. 23, No. 6, June, 1952, 
pp. 195, 197, 199, illus 

Bending and Buckling of an Elastically Restrained Circular 
Plate. H. Reismann. Journal of Applied Mechanics, Vol. 19, 
No. 2, June, 1952, pp. 167-172, illus. 7 references 

Ne sis, based on the classical theory of plates, of the effect 
of an elastic boundary restraint on the deflections, moments, and 
buckling loads of a circular plate; physical significance of the re 
sults. 

Note on Energy of Bending of Plates. H.L.Langhaar. Jou? 
nal of Applied Mechanics, Vol. 19, No. 2, June, 1952,p.228. 3ref 
erences 

Readers’ Forum: On Correlation of Vibration and Buckling 
Theory of Plates. George Sonnemann. Journal of the Aeronau 
tical Sciences, Vol. 19, No. 8, August, 1952, p. 573. 1 reference 
Establishment of a general correlation between the vibration 
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How Stewart-Warner makes 
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Polyken Industrial Tape 
Cuts Costs and Improves 
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Stewart- Warner Corp. formerly used 
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and outer cartons containing South 
Wind automotive and aircratt heat- 


1. A packaged South Wind heater for sad 


the Army is sealed with waterproof Polyken 
Tape No. 215. 


Then they switched to waterproof 
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inner one with Polyken Tape No. 215. approved treatment. 


| Polyken, Dept. AE-K 
| 222 West Adams St., Chicago 6, Illinois i 
u For specifications, samples, and further information on 
No. 215 and other Polyken Tapes, please send me your 
FREE BOOKLET, “Tape is a Tool.”’ | 
Name | 
: Company | 
Department of Baver & Black City 
Division of The Kendall Company 


} 
q 
4 
j 
‘ 
| 
| 
| 
i | 
7 | 
F & 
| 
on" 
j 
| 
| 
j 


122 AERONAUTICAL 


problem and the buckling problem, based on the energy equa 
tion. 


Readers’ Forum: Prestressing Rectangular Thin Plates to 
Increase Their Buckling Loads. Chi-Teh Wang, Arthur L. Ross, 
and Edward L. Reiss, Journal of the Aeronautical Sciences, Vol 
19, No. 8, August, 1952, pp. 568, 569, illus. 4 references 

Readers’ Forum: Comments on ‘‘Remarks on Dynamic 
Loads in Landing’? by Adam Zahorski. E.H. kramer. Journal 
of the Aeronautical Sciences, Vol. 19, No. 8, August, 1952, pp. 572, 
573 

Soap Film Technique for Solving Torsion Problems. Ken 
Ikeda. Japan Science Review, Vol. 2, No. 2, August, 1951, pp 
113-118, illus. 4 references. 

Development of a photographic method for finding and measur 
ing the equislope lines of a soap filin corresponding to the shearing 
stress of a twisted bar; explanation of the analogy between the 
soap film and the twisted bar; apparatus; experimental data. A 
similar method is developed for a hollow shaft. 

Mapping Techniques Applied to Fluid Mapper Patterns. A. D 
Moore. Electrical Engineering, Vol. 71, No. 5, May, 1952, p. 446, 
illus. 4 references. 

Summarized Proceedings of a Conference on Stress Analysis, 
Liverpool, 1951. British Journal of Applied Physics, Vol. 3, No 
4, April, 1952, pp. 105-114, illus. 11 references. 

A summary of nine papers, delivered at the 5th Annual Con 
ference of the Stress Analysis Group of the Institute of Physics 
Liverpool, April 4-6, 1951, on numerical methods, electric r« 
sistance strain-gage methods, French developments, and fatigue 
and photoelastic work. 


, 


Thermodynamics (18) 


Flame Propagation in Cylindrical Tubes. Philip Levine. 
Mechanical Engineering, Vol. 74, No. 6, June, 1952, pp. 483-485, 
489, illus. 5 references. 

Equipment, procedure, and results of an experimental study of 
the factors influencing the flame characteristics of a propane-air 
fuel mixture in cylindrical tubes. The factors studied included 
the size, shape, and position of the combustion chamber 

The Contribution of Radiation to the Conduction of Heat. I 
F. M. van der Held. Applied Scientific Research, Section A, 
Mechanics, Heat, Chemical Engineering, Mathematical Methods, 
Vol. 3, No. 3, 1952, pp. 237-249, illus. 3 references. 

Development of a nonstationary method for measuring thermal 
conductivity; the method consists of applying electric heat to a 
wire that is stretched out in the material and measuring the tem 
perature close to the wire thermoelectrically. 

Gas Cooling of a Porous Heat Source. Leon Green, Jr. Jour 
nal of Applied Mechanics, Vol. 19, No. 2, June, 1952, pp. 173-178, 
illus. 15 references. 

Analysis of a limiting case of heat removal from a porous wall by 
a gaseous coolant when the surface per unit volume of the porous 
structure is high enough that the fluid temperature at any point 
may be considered to be the same as that of the adjacent solid; 
calculations for a heated graphite wall cooled by helium; tem- 
perature-stability problems; sweat-cooling for high-pressure, high 
temperature ducts. 

A Transient Heat Flow Method of Determining Thermal Con- 
ductivity; Application to Insulating Materials. C. P. Lentz 
Canadian Journal of Technology, Vol. 30, No. 6, June, 1952, pp 
153-166, illus. 6 references. . 

Approximative Formulae in the Theory of Thermal Regenera- 
tors. B. H. Schultz. Applied Scientific Research, Section A, 
Mechanics, Heat, Chemical Engineering, Mathematical Methods, 
Vol. 3, No. 3, 1952, pp. 165-173, illus. 1 reference. 

Jet Heat Exchangers Made Lighter. Aviation Week, Vol. 56, 
No. 23, June 9, 1952, pp. 58, 60, 61, illus. 

Techniques of producing lightweight aluminum heat ex 
changers in various configurations to fill a wide range of gas-to 
gas, liquid-to-liquid, and gas-liquid heat-transfer requirements for 
jet aircraft and other applications, developed by Trane Co 

Design of Apparatus for Determining Heat Transfer and Fric- 
tional Pressure Drop of Nitric Acid Flowing Through a Heated 
Tube. Bruce A. Reese and Robert W.Graham, U.S., N.A.C.A., 
Research Memorandum, No. 52D03, June 16, 1952. 


61 pp., illus 
18 references. 
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Heat-Exchanger Tube-Sheet Design. II—Fixed Tube Sheets. 
K. A. Gardner. Journal of Applied Mechanics, Vol. 19, No. 2, 
June, 1952, pp. 159-166, illus. 3 references. 


Water-Borne Aircraft (21) 


The Future of the Flying Boat. Henry Knowle 5th Louis 
Blériot Lecture, Paris, March 12, 1952.) Royal Aeronautica 
Society, Journal, Vol. 56, No. 497, May, 1952, pp. 322-352, illus. 

Outline of the historical development of the flying boat; con 
temporary types; new technical developments; possible future 
developments in civil, military, and commercial types 

Boeing 314 Clipper Four-Engined Transoceanic Flying Boat 
(Speeds and Normal Accelerations of Boeing Clipper Aircraft on 
North and South Atlantic Routes). D. T. Jones. Gt. Brit., 
Aeronautical Research Council, Reports and Memoranda No. 2633, 
1952 (May, 1948). 14 pp., illus. 5 references. British Informa 
tion Services, New York. $1.00. 

Results obtained from \V-g recorders fitted to Boeing Clipper 
aircraft between September, 1944, and May, 1946, and covering 
about 3,300 flying hours with a maximum speed of 215 m.p-h 
(1.A.S.) and maximum accelerations of 2.8g upward and —0.3¢ 
downward. 

Some Studies of the Impact of Vee Wedges on a Water Sur- 
face. R. L. Bisplinghoff and C. S. Doherty. Franklin Institute, 
Journal, Vol. 253, No. 6, June, 1952, pp. 547-561, illus. 11 ref 
erences. 

Study of seaplane impact loads; review of the background and 
present status of two-dimensional vee-wedge theory; verification 
of existing theories by two-dimensional experiments; 
of a formula for the shape of the free-water surface 

M-270 Hull Reduces Flying Boat Drag. Aviation Week, Vol. 
56, No. 25, June 28, 1952, pp. 34, 37, 38, illus. 

Construction, tank and wind-tunnel test results, and evalua 
tion of the M-270, a full-scale flying boat hull model with a length 
beam ratio of 15, which was developed by The Glenn L. Martin 
Co. to reduce the aerodynamic drag. 


derivation 


Wind Tunnels & Research Facilities 


Current Projects in Aerodynamics Laboratory, Aircraft and 
Allied Instrument Laboratory, Engine Laboratory, Engineering 
Section, Flight Research Section, Fuels and Lubricants Labora- 
tory, Gas Dynamics Section, Low Temperature Laboratory, and 
Structures Laboratory. Canada, National Research Council, Aero 
nautical Laboratories, Quarterly Bulletin, Report No. NAE 1952 
(1), January 1—March 31, 1952, pp. 6-25, illus. 

Forrestal Center to Study Fundamentals. David A. Anderton. 
Aviation Week, Vol. 56, No. 25, June 28, 1952, pp. 21, 23, 25, 26, 
illus. 

Research on supersonic flow, jet propulsion, boundary-layer 
control and stabilization systems, and helicopters undertaken at 
the James Forrestal Research Center of Princeton University; 
equipment and laboratories. 

Activities of the Geophysics Research Division, Air Force Cam- 
bridge Research Center (AFCRC). H.E. Landsberg. Weather- 
wise, Vol. 5, No. 3, June, 1952, pp. 55-58, illus. 

Rocket Model Does Work of Windtunnel. George L. Chris 
tian. Aviation Week, Vol. 56, No. 23, June 9, 1952, pp. 21, 22, 24, 
25, illus. 

Construction, instrumentation, and operation of a rocket- 
powered vehicle that carries a scale-model tailless delta-type 
fighter wing and telemetering equipment, and provides accurate 
flight information less expensively than wind-tunnel tests 

Condensation of Air in Supersonic Wind Tunnels and Its Ef- 
fects on Flow About Models. C. Frederick Hansen and George 
J. Nothwang. U.S., N.A.C.A., Technical Note No. 2690, April, 
1952. 49 pp., illus. 23 references. 

Theoretical and experimental study of condensation phenom 
ena, using data obtained in the N.A.C.A. Ames 10- by 14-in 
supersonic wind tunnel and a 1- by 1.4-in. supersonic nozzle; 
possibility of extending the Mach Number range of condensation 
free flow by achieving a relatively stable supersaturated state; 
effect of condensation on the flow about models, and on the ac 
curacy of data obtained from such models. 

An Experimental Investigation of the Performance of a Pilot 
Plant for Drying Air by Solid Granular Adsorbents. P. J. Bate- 
man. Gt. Brit., Aeronautical Research Council, Current Papers 
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No. 79,1952 (February, 1951). 43 pp.,illus.,folding charts. 9 ref- 
erences. British Information Services, New York. $1.50 

Measurement of the performance on a pilot-plant scale of un 
cooled beds of two grades of activated alumina and one of silica 
gel in a 2'/3- by 2'/3-ft. bed at depths varying between 12 and 25 
in. for drying air to the low humidities required for supersonic 
wind-tunnel operation. 

Tunnel Blockage near the Choking Condition. A. Thom and 
Myra Jones. Gt. Brit., Aeronautical Research Council, Report 
and Memoranda No. 2385, 1952 (August, 1946). 16 pp., illus. 2: 
references. British Information Services, New York. $1.15 
Theory of two methods for estimating solid blockage; estimatior 
of blockage corrections up to the choking speed of the tunnel 

Experiments on Thin Turning Vanes. C. Salter. Gi t 
Aeronautical Research Council, Reports and Memoranda No. 2469 
1952 (October 25, 1946). 29 pp., illus. 4 references. British In 
formation Services, New York. $1.70. 

Experimental data on tests of corner vanes (mainly 
curved plates) in a 1-ft. square wind tunnel to determine whether 
and to what extent, these vanes would be suitable as turning var 


for the corners of return-flow tunnels. Tests were made o1 
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vanes at deflections of 45° and 90° and wind speeds of 100 and 90 
ft. per sec. respectively, and on Collar vanes with splitters at 90° 
deflection and a speed of 90 ft. per sec. 

Strain-Gage Balance Measures Drag Force. Electronics, Vol 
25, No. 6, June, 1952, p. 156, illus. 

Construction and operation of an electronic strain-gage balance 
that obtains precise measurements of the drag force acting on 
supersonic wind-tunnel models at the Naval Ordnance Labora 
tory, White Oaks, Md 

Tests on Three Equilateral Triangular Plates in the Com- 
pressed Air Tunnel. R.JonesandC.J.W. Miles. Gt. Brit., Aero 
nautical Research Council, Reports and Memoranda No. 2518, 
1952 (September 28, 1946). 7 pp., illus., tables. 
mation Services, New York. $0.65. 


British Infor 


Measurements of the lift, drag, and pitching moment on three 
equilateral triangular plates with sides of 26, 36, and 47.8 in. at 
several speeds ranging from 29.9 to 73.3 ft. per sec. in order to es 
timate the maximum span for sweptback triangular wings which 
could be tested in the N.P.L. Compressed Air Tunnel without 
excessive tunnel corrections to the data. 


Cockpit Design and Safety 


Concluded froni page 41 


Approaches Using an Experimental Instrument Panel A 
ment, Air Force Technical Report No. 6570, October, 1951 

14 Fitts, P.M., and Jones, R. E., Analysis of Factors Cont 
to 460 ‘‘Pilot Error’ Experiences in Operating Aircraft Cont 
Air Materiel Command Memorandum Report No. TSEAA-694 
12, July 1, 1947. 

18 McFarland, R. A., Human Factors in Air Transport De 
p. 607; McGraw-Hill Book Company, New York, 1946 

16 Chapanis, A., Garner, W. R., and Morgan, C. T, Applied 
Experimental Psychology, pp. 274-277; John Wiley & Sons, I1 
New York, 1949. 

17 Weitz, J., Effect of the Shape of Handles and Position of Cor 
trols on Speed and Accuracy of Performance, Air Force School 
Aviation Medicine, Project 266, Report No. 1, June 12, 1944 

8 Weitz, J., Effect of Shape of Handles and Position of Cont) 
on Speed and Accuracy of Performance When Visual Cues Are 
Restricted, Air Force School of Aviation Medicine, Project 351, 
Report No. 1, March 29, 1945 

19 Jenkins, W. O., Investigation of Shapes for Use in Coding 
Control Knobs, Air Materiel Command, Memorandum Report 
No. TSEAA-694-4, August 19, 1946. 


2 


Jenkins, W. O., A Follow-Up Investigation of Shapes for Use 
in Coding Control Knobs, Air Materiel Command, Memorandum 
Report No. TSEAA-694-4A, August 27, 1946 

*1 Jenkins, W. O., A Further Investigation of Shapes for Use in 
Coding Control Knobs, Air Materiel Command, Memorandum 
Report No. TSEAA-694-4B, September 26, 1946. 

22 King, B.G., Functional Cockpit Design, Aeronautical Engi 
neering Review, Vol. 11, No. 6, pp. 32-40, June, 1952 

°8 Warrick, M. J., Direction of Movement in the Use of Control 
Knobs to Position Visual Indicators, Air Materiel Command, 
Memorandum Report No. TSEAA-694-4C, April 30, 1947 

24 Warrick, M. J., Direction of Motion Stereotypes in Positioning 
a Visual Indicator by Use of a Control Knob. II. Results from 
a Printed Test, Air Materiel Command, Memorandum Report 
No. MCREX D-694-19A, October 28, 1948. 

25> McFarland. R. A., Op. Cit. (see Reference 15), pp. 377-379. 

26 Bartlett, F. C., Fatigue in the Air Pilot, Flying Personnel 
Research Committee, Report F.P.R.C. 488, August, 1942 

47 Bartlett, F. C., Fatigue Following Highly Skilled Work, 
Proceedings of the Royal Society, Biological Series B 131, pp. 
247-257, 1943 


Liquid-Coupled Regenerators for Turboprops 


( Conclude 


2 Romie, F. E., Guibert, A. G., and Coulbert, C. D., Design 
of Heat Exchangers of the Regenerative Cycle Aircraft Turbo 
Engine, A.S.M.E. paper No. 49-SA-18, 1949. 

3 Kays, W. M., and London, A. L., Regenerator for Turb« 
Prop Plants, Technical Report No. 13, N6-ONR-251, Task Order 
6 (NR-035-104) for the Office of Naval Research, February, 1951 

‘London, A. L., and Kays, W. M., The Liquid-Coupled I) 
direct-Transfer Regenerator for Gas Turbine Plants, Trans 
A.S.M.E., Vol. 73, No. 5, p. 529, 1951. 

5 Lyon, R. N., Ed., Liguid Metals Handbook, U.S. Government 
Printing Office, June 1, 1950. 

6 Gas Turbine Gas Charts, BuShips Research Memorandum 
No. 6-44, U.S. Government Printing Office, December, 1944 


from page 53) 


7 Tribus, Myron, and Boelter, L. M. K., An Investigation of 
Aircraft Heaters—Part IT, Properties of Gases, N.A.C.A. A.R.R., 
October, 1952 

8’ Nagey, T. F., and Martin, C. G., Calculated Engine Per- 

) formance and Airplane Range for a Variety of Turbine-Propeller 
Engines, N.A.C.A. T.N. No. 2155, August, 1950. 


’ Mason, S. V., Regenerator Design Study and Its Application 
to Turbine-Propeller Engines, N.A.C.A. T.N. No. 2254, January, 
1951. 


10 Kays, W. M., London, A. L., and Johnson, D. W., Gas Tur- 
bine Plant Heat Exchangers—Basic Heat Transfer and Flow Fric- 
tion Design Data, A.S.M.E., April, 1951. 
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tion Scientific and Technical Memorandum, Pre- 
pared by Forest Products Research Laboratory, 
D.S.1.R., December, 1943, by N. Turner. Report 
No. 17, Hair Checks and Imperfections in Sitka 
Spruce Laminae, Based on Ministry of Aircraft 
Production Scientific and Technical Memoran- 
dum, Prepared by Forest Products Research 
Laboratory, D.S.I.R., August, 1943, by N. Turner 
and J. Latham. Report No. 18, Investigations 
into the Causes Leading to the Twisting of Lam- 
inated Bends, Based on Ministry of Aircraft 
Production Scientific and Technical Memoran- 
dum, Prepared by Forest Products Research 
Laboratory, D.S.I.R., November, 1945, by W. C. 
Stevens and N. Turner. Report No. 19, The 
Effect of Method of Conversion, ie., Sawn or 
Sliced, on the Limiting Radii of Curvature of 


Sitka Spruce Laminae, Based on Ministry of 


Supply Scientific and Technical Memorandum 


Prepared by Forest Products Research Labora 


tory, D.S.I.R., January, 1947, by N. Turner, and 
Constance Webster. 


Report No. 20, The Effect 


ENGINEERING REVIEW 


on the Appearance and Adhesion Strength of 
Laminated Bends, Based on Ministry of Supply 
Scientific and Technical Memorandum, Prepared 
by Forest Products Research Laboratory, D.S.- 


I.R., April, 1947, by N. Turner and Elizabeth 


Bearn. Report No. 21, Tests Designed to In- 
vestigate the Influence of Certain Factors Likely 
to Affect the Limiting Radius of Curvature in the 


Bending of Canadian Birch (Betula Lutea) Three- 
Ply, Based on M 
Technical 


inistry of Supply Scientific and 
Memorandum, Prepared by 
Products Research Laboratory, D.S.I.R 

ber, 1947, by N 


Forest 
Novem- 
furner and Constance Webster. 
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The Upper Atmosphere. S. K. Mitra. 2nd 


Ed The Asiatic Society, Monograph Series, 
Vol. 5 Calcutt rhe Asiatic Society, 1952 
713 pp., illus. diagrs., figs. Rupees 48 


The aim of this treatise is to give an account of 


the present stat« 


f knowledge of the upper atmos- 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 


@ The satisfactory experience of 
users of many thousand types of 
products equipped with Lamb 
Electric Motors has proved the 
importance of designing the motor 
for the particular application. 

By providing the exact mechani- 
cal and electrical requirements, 
special engineering assures de- 
pendability and other motor 
qualities essential for outstanding 
product performance. 

Other advantages usually ob- 
tained with Lamb Electric speci- 
ally engineered motors are — 
savings in space, weight and 
cost factor. 

The time to realize the full benefits 
of a Lamb Electric Motor is while 
your product is in the design stage 


The Lamb Electric Company 
Kent, Ohio 
In Canada: Lamb Electric—Division of 
Sangamo Company Ltd.-Leaside, Ontario 


Compactly designed motor 
developed for metering 
pump and special instru- 
ment service, 


A 


Geared head motor with 
low output shaft speed for 
slow speed heavy- 
duty drives. 


THEY’RE POWERING 


AMERICA'S Fines’ PRODUCTS 


ElecVric 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 


-OCTOBER, 1952 


phere as it has been obtained by direct and in 
direct observations. The first edition was pub 
lished in 1948. In the new edition, extensive re 
visions have been made, and a number of new 
matters have been added to bring the book up to 
date Some of the important additions are 
atomic nitrogen in the upper atmosphere, radar 
study of meteors, the phenomenon of ‘‘sudden 
phase anomaly’’ in long-wave ionospheric re 
flection, the Huancayo anomaly in diurnal geo 
magnetic variations, winds and tides in the iono- 
sphere, and a chapter on rocket explorations of the 
upper atmosphere. 

Eighty-two illustrations have been added, and 
the bibliography has been expanded to include 
more than 1,000 references. There is an 8-page 
index of authors referred to in the text and in the 
bibliography, and a 37-page index of subjects 
In the Appendix, a new section on proposed upper 
atmospheric nomenclature has been added. Pro 
fessor Mitra is associated with the Institute of 
Radio Physics and Electronics, University College 
of Science, Calcutta, 


PRODUCTION 
Production Control. Paul D. O’Donnell. New 
York, Prentice-Hall, Inc., 1952. 304 pp., figs 
$6.35. 


This book has been prepared as a basic text for 
those desiring an elementary knowledge of pro 
duction control. Highly technical and specialized 
applications have purposely been omitted. Gen 
eral consideration is given to the various phases of 
production control, which are later applied to 
continuous-process companies and job companies 
ro indicate the effect of other factors in company 
operations, several cases are given at the ends of 
most chapters which show the procedures and 
problems of various companies. There are some 
footnote references, a list of books for further read 
ing, and an index of subjects. The author is As- 
Professor of Industrial 
Boston College. 

Contents 


sistant Management, 


Introduction 2, Production 
Forecasting. 3, Product Development 4, Plant 
Layout 5, Materials Handling. 6, Control of 
Materials. 7, 8, Scheduling. 9, Dis- 
11, Quality Control 
12, Statistical Quality Control 13 
trol. 


Routing, 
patching 10, Follow-up. 


Cost Con 


REFERENCE WORKS 


Aircraft Engines of the World 1952. Paul H 
Wilkinson. New York, Paul H. Wilkinson, 1952 
320 pp., illus. $12. 

Now in its tenth edition, Aircraft I ines of the 
of April 30 
1952. Asin previous years, the data are presented 
The Jet Engine 
Turbines section now occupies 132 pages The 


World has been brought up to date as 


in standardized form and Gas 
introduction describes the progress made in main 
and auxiliary power plants in America and 
Europe, including the U.S.S.R Important ac 
cessories for these engines are mentioned, and 
data on 40 turbojets, 12 turbojet with after 
burners, and 15 turboprops are tabulated. Com 
plete specifications of 60 jet engines are presented 
in standardized page form, of which 13 are new 
and many have been rewritten Important 
auxiliary turbines are included Ihe Jet Aircraft 
and Their Engines section, now expanded to five 
pages, lists 192 of the latest aircraft, including 20 
of the Soviet Union, The section on reciprocating 
engines contains 138 pages and standardized de 
A tabula- 
tion of 13 helicopter engines is included rhe 


scriptions of 66 reciprocating engine 


book concludes with a revised table of Aviation 
Fuels and Lubricants and an alphabetic index to 
the engine descriptions 

Statistical Handbook of Civil Aviation, 1950. 
U.S Civil Aeronautics 
Washington 


1952. 115 pp., charts 


Administration, 1952 
Superintendent — of Documents 
$0.50 

rhe present, fifth edition follows the same plan 
as the 1949 volume and contains all 
tatistics 


available civil 
through December, 1950 Unlike pre 
vious editions, this edition does not contain data 


on military production, 


= | 
— 
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fe 
new 
p to 
are 
ee Airline Passenger Insurance 
iden 
Annual Policies 
geo from $5,000 to $100,000 
= at new low rates 
the — 
No Physical Examination +» No Age Limit 
and 
EXAMPLE 
an $25,000.00 for death or dismemberment 
a6 $1,000.00 for Hospital and Doctor's bills 
| the $50.00 per week when disabled 
ects 
ia PREMIUM $38.00 per year 
Pro 
e of 
lege Policies cover Backed by the 
patsangers on Combined Assets of 
scheduled airlines Aetna Casualty & Surety Co. 
world-wide — also American Surety Co. of N. Y. 
Ne girlines in Conada, Century Indemnity Company 
New Hartford Accident & Indem- 
figs Mexico and South nity Co. 
America which meet Maryland Casualty Co. 
M 
alas standards. New Amsterdam Casualty Co. 
ized Standard Accident Insurance 
Sen Company | 
es of Travelers Insurance Co. 
d to United States Casualty Co. 
nies United States Fidelity & 
Guaranty Co 
any 
is of ‘ WRITE OR PHONE ANY U. S. GROUP OFFICE 
and 
some UNITED STATES AVIATION UNDERWRITERS 
ead INCORPORATED 
: As 80 JOHN ST. « NEW YORK 38,N. Y. 
te ATLANTA + CHICAGO - DALLAS - KANSAS CITY 
LOS ANGELES - SAN FRANCISCO 
ction 
of or products 
BOUNDARY LAYER 
itrol 
RESEARCH f d 
Scientists & — 
° 
dependability 
1952 
NORTHROP AIRCRAFT, INC. 
snted is currently seeking qualified pet Aircraft Instruments and Controls 
| Gas sonnel to fill key positions in an <p tig 
The important Boundary Layer Re- Miniature AC Motors for Indicating and 
main search Program. These high level a 4 5 
and assignments require the services of Remote Control Applications Optical 
bac experienced specialists in the fields Parts and Optical Devices * Radio Com- 
and of Aerodynamics and Structural 
te Mechanics. The work will involve munications and Navigation Equipment, 
Com thorough investigation into the 
ented phenomenon of Boundary Layer 
new Control. This is an exceptional Today, Kollsman works without pause to- 
rtant opportunity for aircraft engineers 
ane and scientists to take part in a ward the fulfillment of America’s defense 
o five challenging, long-range endeavor, needs. And to our nation’s research scientists, 
ng 20 and to gain the many other advan ; 
ating tages of Northrop employment the skill Ingenuity and creative drive of 
d de You are cordially invited to write R : : 
ibula for further information concerning Kollsman Research Laboratories are available 
ane this outstanding opportunity for the solution of instrumentation and 
iation Applicants should possess an ad 
lex to vanced degree and have several control problems 
vears of direct or applicable expe 
1950. rience 
nents Address your inquiry to: ‘* 7RUME 
Engineering Personnel Manager 
oe NORTHROP AIRCRAFT, INC. OLLSMAN INSTRUMENT CORPORATION 
e civil 
e pre 1083 East Broadway ELMHURST, NEW YORK GLENDALE, CALIFORNIA 
1 data Hawthorne, California 5 
Standard coit PRODUCTS CO. INC. 


| 
| 
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is 
North American’s 
Challenge 
To You 


Frankly, working at North American 
requires hard thinking and plenty of 
vision. Because North American always 
works in the future. Yet, if you are 
interested in advanced thinking, if you'd 
like to work on the planes that will 
make tomorrow’s aviation history, you'll 
like working at North American. North 
American offers these extra benefits, too. 


North American Extras— 


Salaries commensurate with ability and 
experience @ Paid vacations @ A grow- 
ing organization © Complete employee 
service program @ Cost of living bo- 
nuses ® Six paid holidays a year @ Fin- 
est facilities and equipment @ Excellent 
opportunities for advancement ® Group 
insurance including family plan @ Paid 
sick leave @ Transportation and mov- 
ing allowances ® Educational refund pro- 
gram ® Low cost group health (includ- 
ing family) and accident and life insur- 
ance © A company 24 years young. 


Write Today 


Please write us for complete informa- 
tion on career opportunities at North 
American. Include a summary of your 
education, background and experience. 


CHECK THESE OPPORTUNITIES 


at North American 


Aerodynamicists 
Stress Engineers 
Aircraft Designers and Draftsmen 


Specialists in all fields of 
aircraft engineering 


Recent engineering graduates 


Engineers with skills adaptable to 
aircraft engineering 


NORTH AMERICAN 
AVIATION, INC. 


Dept. 1, Engineering Personnel Office 
Los Angeles International Airport 
Los Angeles 45, Calif.; Columbus 16, Ohio 


North American Has Built More Airplanes 
Than Any Other Company In The World 


Alight Test 
Opportunities 


e EXPERIENCED FLIGHT TEST 
INSTRUMENTATION ENGINEERS 


e FLIGHT TEST ENGINEERS 
e FLIGHT TEST ANALYSTS 


Dealing with 
e GUIDED MISSILES 
e AIRPLANE SYSTEMS 
e AUTOPILOTS 


The Missile and Control Equip- 
ment Laboratory of North American 
Aviation has openings in its flight 
test organization to handle flight 
testing of guided missiles and elec- 
tronic control systems. 

Excellent opportunities are of- 
fered for experienced engineers and 
analysts with airplane and guided 
missile flight test and flight test in- 
strumentation background. 

Outstanding opportunities are 
available on a long-range develop- 
ment program on basic guided mis- 
sile work. 


* SALARIES COMMENSURATE WITH 
TRAINING AND EXPERIENCE 


* EXCELLENT WORKING CONDITIONS 


FINEST FACILITIES 
AND EQUIPMENT 


* Write now. 
Give complete resume of education, 
background and experience. 


NORTH AMERICAN 
AVIATION, INC. 


Engineering Personnel Department 
Missile and Control Equipment 
Laboratory 


12214 LAKEWOOD BLVD. 
DOWNEY, CALIFORNIA 
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Aerophysicists , 
Designers , 
Engineers 


North American encourages advanced 
thinking, because they know looking 
ahead is the only way to maintain lead- 
ership in the aviation industry. That’s 
why North American needs men of 
vision. If you like hard thinking and 
would like to work for a company that 
will make the most of your ideas, you'll 
find real career opportunities at North 
American. North American offers you 
many extra benefits, too. 


North American Extras — 


Salariescommensurate with ability and 
experience ® Paid vacations * A grow 
ing organization * Complete employee 
service program ® Cost of living bo 
nuses ® Six paid holidays a year ® Fin 
est facilities and equipment * Excellent 
opportunities for advancement*Group 
insurance including family plan * Paid 
sick leave * Transportation and mov 
ing allowances ® Educational refund 
program ® Low-cost group health (in 
cluding family) and accident and life 
insurance *A company 24 years young 


Write Today 

Please write us for complete informa- 
tion on career Opportunities at North 
American. Include a summary of your 
education, background and experience. 


Airborne Electronic Equipment 
Equipment Flight Tesis 
Precision Instruments 
Automatic Contrals 
Propulsion Systems 
Servo-Mechanisms 
Airframe Studies 

Radar Devices 
Instrumentation 

Micro Wave Techniques 
Metallurgical 
Electroplating 
Engineering Planning 


NORTH AMERICAN 
AVIATION, INC. 


Aerophysics, Electro-Mechanical Research 
Division 
Dept. 1, Personnel Section, 
12214 Lakewood Blvd., Downey, California 


North American Has Built More Airplanes 
Than Any Other Company In The World 
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Personnel Opportunities 


This section is for the use of individual members of the Institute seeking new connections and 
® organizations offering employment to Aeronautical specialists. Any member or organiza- 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


Wanted 


Aerodynamicists—The U.S. Naval Ordnance 
rest Station, Inyokern, has several openings for 
aerodynamicists with experience or interest in 
guided missiles, rockets, supersonic and transonic 
flow theory, or wind tunnel testing 
range from GS-12, 


Salaries will 
7,040 per annum, to GS-5 
$3,410 per annum, depending upon experience and 
educational qualifications. Applicants should 
submit a Standard Form 57, Application for 
Federal Employment (available at any Post 
Office), to: Personnel Department, Professional 
Placement Branch, U.S. Naval Ordnance Test 
Station, Inyokern, China Lake, Calif 


Mechanical Engineers—Army Ordnance De 
sign. Engineering ability to make original lay 
outs and calculations required in the design of air 
craft and ground-type rocket and missile launchers, 
aircraft and ground-type artillery and small arms 
weapons, and the mechanisms and control units 
involved, such as hydraulic and electrical power 
systems, structural elements, linkages, cams, gear 
trains, ete. GS-11, $5,940 per annum 


degree plus 2! 


bachelor 
years’ progressive professional 
engineering experience, including at least 6 
months of difficult and important work in the 
appropriate branch of engineering equivalent in 
grade level to that required of GS-9 engineers; 
GS-9, $5,060 per annum—degree plus 1!/2 years 
of progressive professional engineering experience, 
including at least 6 months’ work in the appro 
priate branch of engineering equivalent in grade 
level to that required of GS-7 engineers; GS-7, 
$4,205 per annum—degree plus 6 months of pro- 
fessional engineering experience in the appropriate 
branch of engineering. Lacking degree, combina- 
tion of education and experience permitted. Ap 
plicants should submit Standard Form 57, Ap 
plication for Federal Employment (available at 
any Post Office), to: Personnel Division, Rock 
Island Arsenal, Rock Island, Illinois 


Mechanical Engineers—The advent of the flush 
deck carrier and the high-performance jet aircraft 
produces new and exciting challenges in the field 
of catapult design. This is an expanding field 
where new ideas and original work will bear their 
mark on the future of Naval aviation. The 
Bureau of Aeronautics, accordingly, is seeking 
the services of qualified mechanical engineers with 
3-10 years’ experience for positions paying $5,000 
to $8,000 per annum. Applicants should have a 
thorough knowledge of mechanics, structures, and 
thermodynamics. Those selected will be re 
quired to represent the Bureau of Aeronautics 
with contractors and other Government activi 
ties and, therefore, should possess a high degree of 
executive talent. Applicants submit 
Standard Form 57, Application for Federal 
Employment (available at any Post Office), to 
Department of the Navy, Bureau of Aeronautics, 
Personnel Division, Attention PE-22, Washing 
ton 25, D.C 


should 


Aeronautical Engineers 
nautical engineers exist in the Bureau of Aero 
nautics, Department of the Navy, Washington, 
D.C Aerodynamic development engineers (per 
formance) GS-11, $5,940 per annum; GS-9 
$5,060 per annum; GS-7, $4,205 per annum; and 


Vacancies for aero 


GS-5, $3,410 per annum. Analysis and evalua 


tion of performance characteristics of new aircraft 


designs, experimental and service type aircraft 
and proposed modifications thereto, including 
interpretation and application of results of labora 
tory tests affecting aircraft performance. Appli- 
cants should submit Standard Form 57, Applica- 
tion for Federal Employment (available at any 
Post Office), to Department of the Navy, Bureau 
of Aeronautics, Personnel Division, Attention 
PE-22, Washington 25, D.C 


Engineers—The U.S. Naval Air Rocket Test 
Station has several vacancies in the Engineering 
Department. Chemical Engineer—GS-12, 
Duties: Head of the Special 
Projects Branch, Propellants Division, Engineer 
ing Department 


$7,040 per annum 


Directs specialized investiga 
tions into the problems of combustion of solid and 
liquid propellants in rocket engines, determina- 
tion of physical and thermodynamic properties of 
propellants, studies of corrosion of materials by 
propellants. Aeronautical Engineer (Power 
Plants)—GS-12, $7,040 perannum. Duties: Head 
of Evaluation Branch, Power Plants Division, 
Engineering Department Directs specialized 
investigations of the performance, durability, and 
reliability of solid- and liquid-propellant rocket 
engines, power plants, and components. Pre 
pares progress and summary reports. General 
Engineer—GS-11, $5,940 per annum. Duties 
Head of Facilities Branch, Power Plants Division, 
Engineering Department Directs the prepara 
tion of plans, procurement and installation of new 
rocket test facilities and equipment, and the modi 
fication of existing facilities and equipment as re 
quired for specialized tests. General Engineer 

GS-9, $5,060 per annum. Duties: Project Engi 
neer in the Facilities Branch, Power Plants Divi 
sion, Engineering Department. Makes plans, pro 
cures and installs facilities and equipment for the 
testing of rockets and components. Chemical 
Engineer—GS-9, $5,060 per annum. Duties 
Project Engineer in the Special Projects Branch, 
Propellant Division, Engineering Department 
Conducts specialized investigations into the prob 
lems of combustion of solid and liquid propellants 
in rocket engines, determination of physical and 
thermodynamic properties of propellants, studies 
of materials for storage and handling of propel 
lants. Prepares reports. Aeronautical Engineer 
(Power Plants)—GS-9, $5,060 per annum. Du 
ties: Project Engineer in the Evaluation Branch 
Power Plants Division, Engineering Department 
Conducts specialized investigations of the per 
formance of solid- and liquid-propellant rocket 
engines, their components, and accessories Pre 
pares project reports for supervisor. Aeronautical 
Engineer (Power Plants)—-GS-7, $4,205 per an 
num. Duties: Test Engineer inthe Test Branch, 
Power Plants Division, Engineering Department 
Devises test procedures and conducts tests of 


rocket engines, components, and accessories. 


The number preceding the notices 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


Makes performance calculations, prepares re 
ports. [Illustrator (Equipment)—GS-6, $3,795 per 
annum. Illustrator in the Technical 
Publications Branch of the Engineering Depart- 
ment. Makes original illustrations of mechanical 
equipment and layout of illustrations, photo- 
graphs, and title pages for technical reports. 
Chemist—GS-5, $3,410 per annum. Duties: 
junior chemist in the Chemistry Branch, Propel- 
lant Division, Engineering Department. Per- 


Duties 


forms quantitative and qualitative analysis of 
solid and liquid fuels and oxidizers. Assists senior 
chemist in specialized investigations of chemical 
properties of propellants and handling materials 
Applicants should complete Standard Form 57, 
Application for Federal Employment, which is 
available at any Post Office, and forward to the 
Industrial Relations Officer, Industrial Relations 
Department, U.S. Naval Air Rocket Test Sta- 
tion, Lake Denmark, Dover, N.J 


Scientists and Engineers— Needed for respon- 
sible positions in the technical development and 
production of solid propellants and rocket units 
There are good opportunities in this long-range 
program for those with experience in chemistry, 
quality control, and processing or unit design of 
solid-propellant manufacture. Please give a com- 
plete résumé of your education and past experi- 
ence. All replies held strictly confidential. Write 
Industrial Relations Manager, Research and 
Development Department, Phillips Petroleum 
Company, Bartlesville, Okla. 


421. Aeronautical Engineer— Opening for in- 
structor in airplane design and related subjects in 
aeronautical engineering curriculum Excellent 
Reply should 
cover engineering education and experience 
California location (Los Angeles area). 


opportunity for qualified man 


415. Instructor—Aeronautical Engineering 
Department of a large eastern university to teach 
undergraduate courses in fluid mechanics and 
aeronautical laboratory. Applicant should have 
master’s degree from recognized university or 
equivalent experience in the aeronautical field 
Opportunity for graduate work and research in 
structures or aerodynamics Large subsonic and 
6-in. supersonic tunnels in operation. Salary 
$4,000 for the academic year 


Available 


437. Sales Engineer—Seven years’ aircraft 
experience. Presently contacting power-plant, 
equipment, and electrical groups of all major 
eastern air-frame and helicopter concerns and 
Government agencies. Aircraft experience in- 
cludes engineering and sales in manufacture, 
service, and instrumentation M.E. background 
Pilot; married Relocating on East Coast in 
October 


430. Aeronautical Engineer—B.S. in Ae.E. 
M.Ae.E Desires position that presents chal 
lenging and diversified activity, contact with 
various phases of the aeronautical field, and 
opportunity for advancement through merit 
Capable of directing and coordinating work of 
small group Experienced in research analysis 
Meets 
people easily; wide range of interests Five 


technical writing, and public speaking 


years’ experience with top Government research 
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agency. Presently employed as project engineer 427. Aeronautical Safety Engineer— Desires west manufacturer. Thoroughly familiar with all 
in wind tunnel section Age 26; married. Com- position aircraft manufacturer offering aircraft components, instruments, etc Head. 
plete personal résumé sent on notification of avail- responsible duties in evaluation of specific safety quarters, Los Angeles 
able openings functiona roblems in design and experimental 
stages. Served 6,400 hours’ structural layout 422. Aeronautical Engineer (Flight Test) 
apprenticeship, equivalent to 2 years of intensive B.S.Aero.E. Four years’ experience as flight-test 
college studie Private pilot’s license; single and aerodynamic engineer. Background of pro- 
ia and twin-engine experience, approximately 1,800 gressive experience in various phases of aircraft 
N.Y.U., 1946. Six years’ experience with U.S. Louis Deckmical witter of catety performance, stability and control, and com- 
air line covering aircraft repair, weight and bal ponent test work. Desires position in flight-test 
ance, flight test, performance, design of power engineer of small aircraft company in Midwest oraerodynamicresearch. Locationopen. Avail 
and performance charts, operations manual, able November, 1952. 
DC-3, DC-4, DC-6, and DC-6B operating man- ced 
uals, etc. Also complete advanced training in machine davis Age IG 
meteorology at N.Y.U. and University of Chicago 
Institute of Tropical Meteorology. Speaks and 423. Sales Engineer and Technical Repre- engineering background in aircraft tooling, weld 
writes Spanish and French fluently. Latin sentative—Internationally known engineer, with ing, and process planning for 2 years Also prac 
American nationality. Seeks aeronautical posi- exceptional entree to all aircraft activities on the tical experience as toolmaker Desire 
tion either in the United States or abroad Pacific Cc will represent East Coast or Mid 


420. Engineer—B. of M.E., Gas Turbine Proj- 
ect Engineer in Government for 1 year Previous 


permanent 
position of increasing responsibility in gas-turbine 
or allied industry. Age 29. 


419. Aeronautical Engineer—M.E. and M.S 
23 years’ experience with large aircraft companies 
in all phases of stress analysi 1erodynamics, 
flight testing, and dynamics analysi Would like 
connection with small aircraft concern in execu 
tive or staff capacity in charge of similar type of 
work, 


418. Research and Development Engineer 
Extensive background. Would like to consult on 
aerodynamic instrumentation for wind tunnel, 


a cieonantenee” isiE flight test, and ballistics of missiles and rockets 
=. Tees money, Has made significant development Design, con 
ae "0a struction, and testing of prototypes can he fur 


nished. 


° 417. Independent Engineer—With many 
years’ experience in aeronautic ind research 
Would like to contact progressi organization 


with product, idea, or territory available for 
Southern California or perhaps West Coast. Wide 
contacts and background in aircraft, guided mis 
sile, rocket and ballistics engineering, and research 
circles. Can provide staff or organization for 
sales, engineering, consulting, or technical repre 
sentation. 


414. Engineering or Research Executive 
Or the Many years’ experience with leading company 
‘ Offering an outstanding record in design and re 


° search, allied to demonstrated administrative 
right Ex pe rience ability Familiar with subsonic and supersonic 
design & 412. Aero Mechanical Engineer—B.M.E.; 
age 33 Eleven years’ experience in the aircraft 

research Mechanical design and layout 


industry comprising guided missile electrome 
of axial flow turbines chanical systems development, flight-test research, 
and stress analysis rhree most recent years in 
te n 9 | n e er compressors and fans. supervision as assistant project electromechanical 
O 


engineer and project test engineer Experience 


. design Airplanes, missiles, dynamic problems, 
requirements... 


guidance, servomechanisms, and flight testing 


includes directing electrical system design, en- 


x Familiarity W ith fluid vironmental-test program, booster rocket instal 
¢ lation design, test equipment design, and flight 


dynamic flow principles test programs. Familiar with military specifica- 

. tions. Seeking supervisory or administrative 

ield of as applied to design position in aircraft, missile, or allied field in New 

York City area only Will furnish résumés upon 


. request Please indicate nature of available posi 
aXla | f low Knowledge of experimental ee: 


410. Aeronautical Engineer B.S. 1948). 
Age 25, single. Currently serving in Army under 


testing of.turbo machinery. 
turbo 


Special Professional Personnel Program. Army 

experience: Eight months with Project Investi- 

h . gation Section, Ordnance Guided Missile 

mM ac inery . Center, aided in developing nomograms for 

first approximations of missile performance 

Twelve months with Army Aircraft National 

Maintenance Point; helped establish procedures 

a ye for use of IBM equipment in the preparation of 
AiResea rob Manufacturing Co Army Supply Catalogs and helped to develop pro- 
hd cedures for maintenance of Army liaison aircraft 


9851 Sepulveda, Los Angeles 45, Calif. ORegon 8-2227 


months’ power-plant installation design, 6 months’ 

ege flight-test work. Has private pilot’s license, Air- 

Positions open in Los Angeles and Phoenix, Arizona and Mechanic's ratings. Would like 

position with small, expanding company, pref- 

erably in the guided missile or helicopter fields 
Available January 1, 1953 
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